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A veling & Porter, 4 Y arrow & Co., Ltd., -J ohn Bellany, Limited, R 0 i les Ea im it. ed, 


ROCHESTER. 


ws team 
Road Rotters & Practors. 


A. GQ. Mutora, Li 


CULVER STREET WORKS, COLCHESTER. 
On APMIRALTY AND WAR OFFICE LIsT#. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEKD PUMPS. 

See advertisement pages 27 and 71. 
PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS. 
And Auxiliary gre as supplied to the 
Admiralty. 2179 


Dredging | Soa 


ALL DESCRIPTION: 
FLOATING CRANES, "COAL BUNKERING 


Werf Conrad, yd? TAA} D. 


—«* a WORKS, Lrp., Farars Hovusr, 
, New Broap Sr., "LONDON, B.C, 2. 


See half iphie Advert. last week and next week, 
(\ranes.— Electric, Steam, 
HYDRAULIC and HAND, 
of all types and sizes. 


GEORGE RUSSELL & CO. 
_Motherwell, near Glasgow. 











» LeD., 
Motherwell, __9109 


STREL TANKS, PIPES, GASHOLDERS, &c, 


ar Piggott & Co., Limited, 


IRMINGHAM. 7411 
See Advertisement last week, page 95. 


- QHARTERED 
G8 Oo k a al, PATENT AGENT. 
: S treat James Sees, Bedford Row, London, W.C.1. 
T.N. 4515 Museum, 9675 
lank Locomotives. 

meee = oy and Workmanship equal to 

n Line Locomotives. 
R, & W. HAWTHORN, LESLIE & CO. Lrp., 
ENGINEERS, NEWCASTLE-ON-TYNE. 














, MULTITUBULAR AND 
( Yochran OSS-TUBE TYPES. 
. oilers 
See page 11. 


Petter Qil Wiagiaes 


For Paraffin and Crude Oil, - 
Sizes 1} B.HP. and upwards, 


etters Limited, Yeovil. 
Sizes 25 to 500 B.HP. 


ickers-Petters, Ltd., Ipswich 


/ 1 
V See advertisement alternate weeks. 


| 2vincible (fare (lasses. 


BUTTERWORTH BROS., Lid., 
Newton Heath Glass Works, 








Manchester. Od 9753 
[i lectric (ranes. 
9862 


8. H. = Fe COs LTD., 


‘uller , Horsey, Sons & Cassell. 


wea aed 
in the 
SALE AND ene 
PLANT —, “MACHINERY 


ENGINBERING WORKS. 
le » BILLITEBR SQUARE, 


Iron and Steel 


iubes and Fittings. 


Sole Licences in Great Britain for the manufacture 
of “Armeo” Rust oS jon Resisting Iron 


The Scottish "Tube Co., Ltd., 


Hrap OFFice: 34, Robertson Street, Glasgow. 





I 


1834 


B.C. 3. 





SHIPBUILDERS AND ENGINEERS, 
GLASGOW. 


SPEEDS UP TO 45 MILES AN HOUR, 
PADDLE OR SCREW STEAMERS OF 
ExcrepTronaL SHALLOW DRavGur. 


Repairs on Pacific Coast 
by YARROWS, LIMITED, Victoria, British 
Columbia. 9563 


SHIPBUILDERS, SHIP REPAIRERS AND ENGINEERS. 


(Sampbells & Hater, | Pas 


Gear Cutting. 
Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 
Spur Wheels cut up to 9 ft. diam. 
DOLPHIN FOUNDRY, LEEDS. 





4547 





Tachts, Launches or Barges 
Built complete with Steam, Oil or Petrol 

Motors; or Machinery supplied. Od 3551 
VOSPER & OO., Lrp., BroaD STREET, PORTSMOUTH. 


ement. —Maxted & Knott, 


Lrp. pCenentting Cement Engineers, ADVISE 
GENERALLY on proposed Cement Schemes FOR 
ENGLAND AND ABROAD. ADVICE ONLY. 
Highest references, Established 1890, 

Address, BURNETT AVENUE, HULL. 
Cablegrams: “‘ Energy, Hull,’ 


IL FUEL APPLIANCES, 
systems 
PressurRF, Arr, STEAM 
For Boilers of all types. 
KERMODES LIMITED, 
35, The Temple, Dale Street, 
iverpool. 
Naval Outfits a Speciality, 
also for Merchant Ships, for 
Factories, Locomotives, and 
Industrial Process Furnaces 
of all kinds. 
Supplied to the British and 
other Governments. 
Telephone No.: Central 2832. 
Telegrams: ‘* Warmth.” 





9762 





4078 

ocomotives ‘Tank Engines |" 
designed and constructed by 

MANNING, WARDLE AND COMPANY, Ltmrrep, 

yne Engine Works, Leeds. Od 2487 

See their Illus, Advertisement, page 101, last week. 

RAILWAY AND TRAMWAY ROLLING STOCK. 


He Nelson & (Co: L 4. 


Tur Giaseow RoLLine Stock AND PLANT bp 
MOTHERWELL. Od 3383 


6! R Y. Pickering & Co., Ltd., 
. (EsTaABLISHED 1864.) 

BUILDERS of RAILWAY CARRIAGES &WAGONS. 
MAKERS of WHEELS and AXLES of all kinds, 
RAILWAY arama FOR HIRE. 

Chief woe and Offices 
WISHAW, near GLASGOW. 


London Office: Od 8353 
3, Vicrornta STREET, WESTMINSTER, S.W. 


enry Butcher & Co., 


AUCTIONEERS, VALUERS anp SURVEYORS 
for 
ENGINEERING anxnp ALLIED TRADES 
and 











MILLWALL, LONDON, &. 
GENERAL CONSTRUCTIONAL ENGINEERS, 


Boilers, Tanks, & Mooring Buoys 


STILLS, PETROL Tanks, AIR RECEIVERS, STEEL 
CHIMNEYS, RIVETED STEAM AND VENTILATING PIPES, 
HoprEns, SPECIAL aL Wonk, | Reparms OF ALL KINDS. 


[lubes and Fittings. 


1216 


Stewarts and Loves, L*4- 


Glasgow and Birmingham. 


See Advertisement page 52. 


yoonomy 


HIGH BOILER EFFICIENCIES 
ARE OBTAINED BY INSTALLING 


lodd Qi! Brrers 
FUEL OIL BURNING SYSTEMS, 
HEATERS, STRAINERS. 
49-51, EastcHeap, Lonpon, B.C. 3. 
TODD SHIPYARDS CORPORATION, 


Builders of Steam and Motor Ships, Repairers, 

Blectric Drive Installations. 

Twenty-one Floating Docks, Two Graving Docks, 
° Twelve Shipways. 

25, Broadway, New York, U. a. A. 


he i a. Railway 
Engineeri ng C Company, 


AN, GL. Lrp., 
London once in Victoria Street, S.W. 
MANUFACTURERS 0 
RAILWAY CARRIAGE, WAGON. & TRAMWAY 
WHEELS & AXLES. 
CARRIAGE & WAGON IRONWORK, also 
CAST-STEEL AXLE BOXES. 92 


9091 





9960 


FEED WATER HEATER Ss, 
CALORIFIERS, BVAPORATORS, 
CONDENSERS. AIR HEATERS 
STEAM anp GAS KETTL 
Merrill's ag = Be STRAINERS 


Row's 
PaTENtTs. 


Suctions. 
SYPHONIA STEAM TR PS, REDUCING VALVES 
High-class GUNMETAL STEAM FITTINGS, 


ATER SOFTENING ent FILTERING. 


Y 8rrow Patent 
ater-tube Boers. 


9564 
Messrs. YARROW & ©O., UNDERTAKE the 
PRESSING and MACHINING of the a 
of Yarrow Boilers, such as the Steam Drums ter 
Pockets, and Superheaters for British and Foreign 
Firms not having the necessary facilities. 
YARROW & CO., Lrp., Scorsroun, GLaseow, 


Matthew paul & (Co. L4- 


LEVENFORD WORKS, Dumbarton. 9518 
See Full Page Advt., page 69, Jan. 6, 


Forgings. 
Wialter omers, Limited, 
HALESOWEN. 17116 


He4 W ightson & Co. 


LIMITED, 


6723 











See Advertisement page 62. 


MTrylor & (thallen 


resses 
8195 


About 200 NEW PRESSES in Stock in our 
Showrooms for-immediate delivery at specially 
educed Prices 
TAYLOR & CHALLEN Leo. Engineers, 
Constitution Hill, BIRMINGHAM, 

See Full page Advertisement page 68, Jan. 6. 


FOR c 
rop orgings 


GARTSHERKIE. BNGINBERING & FORGE OO., 
50, Wellington Street, Glasgow. 9674 


2402 








J. Davis, M.I.Mech.E., 
e Gas a Inspected, Tested and 
Reported U ver 25 years’ experience. Tel.: 


nm. 
736 and 737 Stratford. Wire: “Rapi eaing, London.” 
—Great Rastern Road, Stratford, 1794 


J 


ON ADMIRALTY List. 


ohn Kirkaldy, Ltd., 


London Office: 101, LEADENHALL Sr, 
Works: Burnt Mri, ne near HaRLow, —— 
rating and Distiling 
ae and Ice Mak 
ater Heaters. 
Rvaporators. 
Fresh Water Distillers. 
Main Feed Pumps. 
Combined Circulating and Air Pumps. 


Plants. 
heft ng Machinery. 


Feed 


6é 


pencer- opwood”’ Patent 
P WATER. H Boilers. See page 80, 


Sole Makers: SPENCER. BONBCOURT, ten” 
Parliament Mansions, Victoria 8t., London, 8. Ww. 





GRAPHITED 
WATER. 


“AQUADAG” 


(Reg.) BRAND, 
GRaPHITED 


“GREDAG” 


EK. (5. A chesod Le 


GRAPHITED 
OIL. 


“ OILDAG” 


(Reg.) BRAND, 








See Illustrated Advertisement Page 100, Jan. 28, 1921. 








See Advertisement page 77, Jan. 20. 


or RAILWAY and TRAMWAY ROLLING § STOCK. 

Makers of WHEELS and Axes, RAILway PLanrT. 

Foreines, Smith Work, Inonw & Brass CasTinas. 
ED STEEL Worx OF ALL KINnps. 





INDUSTRIAL PROPERTIES. 9866 hauitery Sextaae Olsdennare: Dept. B., (Sole Manufacturers.) | Works: 
63 and 64, CHANCERY LANE, LONDON, W.C.2. &e. &e. 9604 | 40, Woop Sr., 8.W.1 PLYMOUTH. 
K lectric r['ransporters. lectric Ca, ifts ocomotive raversers 
(UP TO 35 TONS.) (BLEOTRIC), — 
——— 9862 iu 
S. H. HEYWOOD &0O., LTD. _—9862 8. H. HEYWOOD & CO., LTD. 8. H, HEYWOOD & ©O,, LYD., 
REDDISH. REDDISH. aS fel REDDISH. 
Tur GLaseow Routine Stock anp PLaxt Works. P & W. MacLellan, Limited, 
Jorn H, W item Co. tsa] Ff ome, Neon 2" Go Et) P. © vrat worm eno 
Birkenhead. JE Balidersotta and EVERY OT. RAILWAY ‘CARRIAGES AND WAGONS 


OF EVERY DESCRIPTION, 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c, 
Chief Offices ; 129, Trongate,Guaseow. Od 8547 
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PRFSs 
‘ : 1, | Registered Offices ; Clutha 10, ta 
Locomotive Shunting Cranes len iatered Ofc Leadenhall Street, BO. Oansea | ute, anew 
he National Foremen’s ntrifugals 
Steam and Electric Cranes ENGINEBEING AND ALLIED TRADES. CG ce s 
EXCAVATORS, CRANE-NAVVIBS, GRABS, (Registered under the 9 the Trade Union Act.) Be 
SHIPS WINDLASSES as, WINCHES, and An Association specially fo ‘ormed to look after the Pot. ((aseels & illiamson, 
oom pea it ea ERT, MOTHERWELL, SCOTLAND. 
Lists OF STANDARD SIZES ON APPLICATION. All communteations to— aes “ tenia 9727 
London Office: 15, VICTORIA STREBT, 8.W.1.| General Secretary. nk vi ears Rend 5.W.1.| See half-page Advertisement page 74, Jan. 20, 
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ENGINEERING. 


[ JAN. 27, 1922. 








[he Manchester Steam Users’ 


ASSOCIATION. 

For the prevention of Steam Boiler Explosions and 
for the attainment of Economy inthe Application 
of Steam. 9, Mount STREET, MANCHESTER. 

Ohief Engineer: 0. KE. STROMEYER, M.I.C.B. 

Founded 1854 by Sin Wria.14M FarRBarRn. 

Certificates of Safety issued under the Factory and 
Workshops Act, 1901. Compensation for Damages 
and Liabilities paid in case of Explosions. Engines 
and Boilers inspected during construction. 9310 





ivil Service Com- 

/ MISSION.—FORTHCOMING 

EXAMINATION. — ASSISTANT 

ENGINEER in the Engineer-in-Chief’s Depart- 

ment of the General Post Office (20-26, with 
extension in certain cases), 2nd March. 

The date specified is the latest at which applica- 
tions can be received. They must be made on forms 
to be obtained, with particulars, from the 
SECRETARY, Crvit Service Commission, Burling- 
ton Gardens, London, W. 1. T 237 


K ast 
Mile Bnd Road, B. 1. 


THE THERMIONIC VALVB AND ARC AS 
GENERATORS FOR RADIO-TELEGRAPHY. 
A Course of EIGHT LECTURES will be given on 

Tuesday evenings in February and March, at —— 

by Professor W. H. Eccxes, D.Sc., F.R.S., and by 

o F, ELWE.t, F.Inst.R.E., M.1.B.B. : 
Professor W. H. Eccles will deal with the subject 

“The Three Klectrode Thermionic Valve as a 

Generator of Electrical Oscillations,” in Five 

Lectures, beginning on Tuesday, February 7th, and 

continuing on the four following Tuesdays, 1.¢., 

14th, 2let, 28th and March 7th. 

Mr. C. F, Elwell will give Three Lectures 01 
*“ The Poulsen Arc Converter,” on March l4th, 21st, 
and 28th. 

Syllabus on ue. 

Fee for the Oourse £2. 2s. Students attendin 
University Courses at College and Institutions o 
the University, 10s. 6d. 

B. J. WIGNALL, 


Registrar. 


London College. 


(University of London.) 


T 267 


£9()() For Inventors. 


The 





R.S.P.C.A. in conjunction with the 
8.P.C.A. of Hdinburgh and Glasgow, OFFER 
TWO PRIZES of £150 and £50, for the best 
improved Rabbit Traps culculated to supersede 
the cruel steel-toothed trap now in use, 
For particulars apply to the— 
R. 5. P.O. A., T 282 
105, Jermyn Street, London, 8.W.:1. 


orrespondence Courses for 
B.Sc., inst, C.B., I. Mech. B., all BNGI- 
NEERING EXAMS. Special Courses and Single 
Subjects. Personal tuition.—For full ticulars 
apply to Mr. TREVOR W. PHILLIPS, B.Sc. (Hons.). 
Assoc.M.Inst.C.H., M.R.S.1., ete., 8-10, Trafford 
Chambers, 58, South John Street, Liverpool. 9296 


["**. C.E., I. Mech. E., B.Sc., 
‘ and all ag Examinations.—Mr.G. P. 
KNOWLES, B.5c., M.B.B., A.M.Inst.0.B., F.S.1., 
M.R.San.I., PREPARES CANDIDATES personally 
or by correspondence, Thousands of successes 
during the last sixteen years. Courses may com- 
mence at any time.—39, Victoria St., Westminster, 
S.W. Tel, 4780 Victoria. 9814 


“i 
[2 C.E. Exams.—Successes 

as usual last Exam. by Correspondence Coach- 
ing. Successes 2 several prizes. Sec. 
“©” embraces 25 years’ professional experience, 
Address, 7434, Offices of ENGINEERING. 











TENDERS. 


THE HIGH COMMISSIONER FOR INDIA 


is prepared to receive 


enders for the Supply 


of :— 
1. COPPER FIREBOX PLATES. 
2. SPRINGS, HELICAL, &c. 
3. AXLEBOXKES, Locomotive, 
cast steel. 

Forms of Tender may be obtained from the 
Director-General, India Store Department, 
Belvedere Road, Lambeth, 5.E. 1, and Tenders are 
to be delivered at that Office not later than Two 
o’clook p.m., on Tuesday, the 14th, February, 1922, 
for No, 1, and on Tuesday, the 2lst February, 1922, 


for Nos, 2 and 3. 
T. RYAN, T 238 
Director-General. 





CITY AND COUNTY OF THE 
CITY OF CHESTER. 


QUEEN'S PARK SUSPENSION BRIDGR, 


[lenders are Invited for the 

TAKING DOWN and REMOVAL of the 
EXISTING SUSPENSION BRIDGE and the 
BRBECTION ofa NEW WIRE ROPE SUSPENSION 
BRIDGE in place thereof. 

Specification and Drawings may be obtained and 
Conditions of Contract inspected at the office of 
Mr. CHARLES GREENWOOD, Assoo.M.Inst.C,K., City 
Bogineer and Surveyor, Town Hall, Chester, on and 
after the 27th Inst., on payment of a deposit of 
#2 2s., which will be refunded on the pt of a 
bona fide tender. 

The Contractor will be required to conform to 
the conditions laid down by the Unemployed 
Grants Committee, a copy of which may be obtained 
at the above office. 

Sealed Tenders, endorsed “Suspension Bridge,” 
and addressed to the undersigned, should be 
delivered at my Office not later than Nine a.m., 
20th February, 1922. 

The Council does not bind itself to accept the 
lowest or any Tender. 

J. H.. DICKSON, 
Town Clerk. 


T1233 


Town Hall, Chester, 
23rd January, 1922, 


THE COMMISSIONERS OF HIS MAJESTY’S 
WORKS, etc., are prepared to receive 
e 


nders before Eleven 

a.m., on Monday, 6th February, 1922, 

for the Supply of STEAM TUBES and 
FITTINGS. 

Forms of Tender, etc., may be obtained on 
application to the CONTROLLER OF SUPPLIES, 
H.M. Office of Works, etc., King Charles Street, 
Westminster, London, 8.W. 1. T 261 


[lenders are Invited by 


the GOVERNMENT of NEW 
SOUTH WALES for the CONSTRUC- 
the SUPERSTRUCTURE and SUB- 
STRUCTURE of a CANTILEVER BRIDGE 
ACROSS SYDNEY HARBOUR from DAWES 
POINT to MILSON’S POINT, embracing a main 
span of 1600 ft. in the clear, centre to centre of 
main piers, or 2600 ft, centre to centre of anchor 
jers. The total length of bridge included in tender 
* 3816 ft., centre to centre of abutments. The deck 
of the — is to include four lines of railway, and 
a roadway 35 ft. wide, between main trusses; and 
cantilevered outside the main trusses on the 
western side, a footway 15 ft. wide, and on the 
eastern side a motor roadway 18 ft. wide. Copies of 
specification, including plans, general conditions, 
and schedule of quantities may be obtained on 
application to the undersigned. 

‘o give any information required by Tenderers, 
Mr. f J. ©. Braprieip, Chief Engineer, will be in 
London during June and July, 1922, address care of 
the undersigned. 

Tenders S accerdance with the specifieation 
must reach the Under Secretary for Public Works, 
Sydney, not later than 3lst Oetober, 1922. 

AGENT-GENERAL, 
FOR NEW SOUTH WALES. 

Australia House, Strand, London, W.C. 2. 

December, 1921. 





ESTON URBAN DISTRICT COUNCIL. 
ELECTRICITY SPECIAL ORDER, 1921. 





(Tenders are Invited for the 

ERECTING and PROVIDING of PLANT in 
connection with the Overhead Lines, Underground 
Cables, Transformers, Substation Equipment and 
Public Lighting Fittings, required under the above 
named Order, 4 accordance with Plans and Speci- 
fications prepared by the Engineer, Mr. GzorGE 
Dixon, Brotton, 8.0., Yorkshire. 

Specifications, plans and general conditions of 
contract may be seen on or after the 6th day of 
February, 1922, at my offices or by appointment 
at the office of the Engineer. 

Copies of _—s specifications, conditions, tender, 
contract and g tee may be obtained at my office 
on a deposit of Three Guineas, which will be 
returned on receipt of a bona fide Tender. Tenders 
must be sent in on the form: provided and subject 
to the conditions thereon endorsed not later than 
Five p.m, on the 28th day of February, 1922, ina 
sealed envelope marked “Tender for Electricity 
Works.” 

Dated this 24th day of January, 1922. 

THOMAS BELK, 
Clerk. 





Cleveland House, : 
Grangetown, 8.O., 
Yorks. T 229 


LONDON COUNTY COUNCIL. 


[lenders are Invited for the 

SUPPLY and DELIVERY in London of 
about 2500 tons and, alternatively, of about 4500 tons 
of STANDARD STEEL GIKDBR TRAMWAY 
TRACK RAILS, with Fishplates therefor. 

The Specification, Drawings, Bills of Quantities, 
Form of Tender and other particulars may be 
obtained on —— to the Chief Engineer of 
the Council, at 
Road, W.C, 2, upon payment to the Oashier of the 
Council of the sum of £2. This amount will be 
returnable only if a bona fide tender is submitted and 
not withdrawn. All particulars may be obtained 
on application at Gloucester House before payment 
of this fee, 

Tenders are to be delivered at the County Hall in 
a sealed eover addressed to “The Clerk of the 
London County Council, Spring Gardens, S.W. 1,” 
marked ** Tender for Track Rails 


February, 1922, will be considered. 


The Council does not bind itself to accept the 


lowest or any Tender. 
JAMES BIRD, 


BOROUGH OF HAMMERSMITH. 
GENERAL ELECTRICITY STORES. 
The Borough Council invites 


[tenders for the Supply of 


the following STORES for alternative periods 
of three, six or twelve calendar months, commencing 


on the Ist April, 1922 :— 

- Brooms and Brushes. 
Electric Light Sundries. 
Files. 

Fire Bricks, Clay and Lime. 
Insulated Wire. 

etals. 
Ollman’s Goods. 
Packing and Jointing Materials. 
Tools. 
Joint Boxes and Connections. 
Meters. 
Screws. 
Ironmongery. 

. Stoneware-condult. 

Forms of Tender and further particulars can be 
obtained on application to r. G. G@. BEL, 
ee Electrical Engineer, 85, Fulham Palace 
Road, W.6, upon receipt of a stamped addressed 
brief envelope, and where duplicate copies are 
regurens a remittance of 2s. 6d, must be made. 

ealed Tenders, endorsed “ Tenders for Electricity 
Stores,” must be delivered to me at the Town 
Hall, Hammersmith, not later than Four P.™., 
on Wrpwespay, FEBRUARY, 1922. The 
Council does not bind itself to accept the lowest 


or any Tender. 
LESLIE GORDON, 
Town Ulerk. 
Town Hall, Hammersmith, W. 6. 
25th January, 1922. T 268 





loucester House, 19, Charing Cross ' 


and Fastenings.” 
No Tender received after 4 p.m.on Monday, 13th 


T 224 


CHMENT GUN AND PORTABLE AIR 
COMPRESSOR. 


THE SWANSEA HARBOUR TRUSTEES invite 


'T\enders for the Hire for About 


Two Years, ot a CEMENT GUN and PORTA- 
BLE AIR COMPRESSOR, together with all 
necessary Hose and Fittings complete. 
Further particulars may be obtained on application 
to the Trustees’ Engineer, at the Harbour Offices. 
Tenders, sealed and marked ‘‘ Tender for Hire of 
Cement Gun and Compressor,” to be delivered to 
the undersigned on or before Friday, the 17th 
February, 1922. 
The Trustees do not bind themselves to accept the 
lowest or any Tender. 
TALFOURD STRICK, 
Clerk to the Trustees, 
Harbour Offices, 
Swansea. © 
26th January, 1922. T 269 


METROPOLITAN WATER BOARD. 
TENDERS FOR PIPELAYING, REPAIRS AND 
ALTERATIONS TO MAINS, ETC. 


The Metropolitan Water Board invite 
[lenders for Pipe-laying, 

Repairs and ALTERATIONS TO MAINs, 
etc., for periods of three, six or twelve months from 
the date of acceptance. 

Tenders must be made on official forms, which 
may be obtained from the Chief Engineer, Metro- 
politan Water Board, New River Head, 173, Rosebery 
Avenue, E.C, 1. (Room 150), on or after Wednesday, 
lst February, 1922, by personal application, or upon 
forwarding a stamped addressed brief envelope. 

Tenders must be sent, under sealed cover, 
addressed to the ‘‘ Clerk of the Board, Metropolitan 
Water Board, New River Head, 173, Rosebery 
Avenue, E.C.1,” endorsed “‘ Tender for Pipe-laying, 
Repairs, etc.,” and must be delivered at the Offices 
of the Board not later than Bleven a.m., Tuesday, 
14th February, 1922. 

The Board do not bind themselves to accept the 
lowest or any Tender. sands 


N, 
Clerk of the Board. 
New River Head, T 
1713, Rosebery Avenue, E.C, 1. 
25th January, 1922. 


263 





EAST INDIAN RAILWAY. 


The Hast Indian Railway Company is prepared to 
receive 


[lenders for the Supply and 


DELIVERY of :— 
LANCASHIRE BOILERS, 
as per Specification to be seen at the Company’s 
ces. 

Tenders are to be sent to the undersigned, 
marked “Tender for Boilers,” not later than 
| Kleven o'clock am., on Wednesday the 15th day 
of February proximo. 

The Company reserves to itself the right to 
divi'e the order, also to decline any Tender 
without assigning a reason and does not bind 
itself to accept the lowest or any Tender. 

For each Specification a fee of £1 ls. is 
charged, which cannot under any circumstances be 


returned, 
By Order, 
G. H. LILLIE, 


Secretary. 
Nicholas Lane, London, B.C. 4. 
26th January, 1922. T 281 
an SE 





APPOINTMENTS OPEN. 





essrs. Ransomes & Rapier, 
Ltd., REQUIRE the SERVICES of a 
PRACTICAL WOKKS CHEMIST and METAL- 
LURGIST, for thelr Works.—Apply stating full 
rticulars, experience, salary required, &c., to 
Waterside Works, Ipswich. T 221 





anted, Immediately, a 


Young, thoroughly Energetic MAN, to act 
as assistant rate fixer in all departments of large 
rolling stock works in Yorkshire. This is an 
excellent epening for a young man, and preference 
will be given to one who has had experience in 
estimating and costing of rolling stock work. 
Permanent situation and good salary for the right 
man.—Address, in the first place, stating age, ex- 

erlence, and salary required, T 214, Offices of 
NGINEERING. 


W orks Management.— 

WANTED, TWO QUALIFIED ASSIS. 
TANTS with first-class practical and theoretical 
experience (a) One for the manufacture of genera- 
tors, turbo-alternators, motors, etc., and (6) one for 
steam turbines, condensers, pumps, etc. Applica- 
tions are invited from men with a thorough 
knowledge of the manufacture of the appaiatus 
mentioned, and only those who have exercised 
executive control in an Engineering Works need 
apply. Applicants must be of good personality, 
and famillar with the most up-to-date methods of 
manufacture. Applications (which will be treated 
in confidence) should give full details of experience, 
positions held, and qualifications for the vacancies, 
and should include age of the applicant and salary 
required. The positions offer excellent prospects 
to suitable applicants —Address, T 271, Offices of 


ENGINEERING, 
° “ ‘ 

R einforced Concrete.— 
ay Wanted for Reinforced Concrete Specialists 
and Contractors in India, ASSISTANT ENGINEER; 
must have sound technical training with experience 
in — and construction. Write, stating full 
lars and qualifications, age, etc. Liberal 
ood man.—Z,L. 621, c/o Dracon’s, 
treet, London. T 259 


anted, Experienced Machi- 


NERY SALESMAN for India by Calcutta 

Firm of Engineers, Public School boy preferred. 

a agreement. Pay commencing Rs. 600 a 

month. No married men will be considered. — Write, 
Z.A. 671, c/o Deacons, Leadenhall Street, a. 

196 








terms for 
Leadenhall 











[ihe Fuel Economy Committee” 
of the Federation of British Industries has ~ 
been. requested to RECOMMEND a BOILER. | 
HOUSE SUPERINTENDENT for an important — 
brewery in the London district. Applicants must 
have had experience in the supervision of Lancashire 
boilers and the control of firemen and be competent — 
to make the tests necessary to ensure efficient 
working. Replies stating age, experience and 
salary required, should be addressed to the FUEL 
ECONOMY DEPARTMENT, FEDERATION oF 
BRITISH INDUSTRIES, 39, St. James’s Street, London, 
S.W. 1. T 211 
ngineer Required for Esti- 
mating and negotiating contracts and carrying © 
these through to completion. Public School and 
University man preferred Practical training essen- 
tial and some knowledge of design of centrifugal 
and turbine pumpsdesirable. Should be experienced 
and competent salesman with good connection, 
whose chief duties would be to promote energetica|ly 
the sale of machinery of this character.—Appiy, 
giving full particulars with age and salary required, | 
to w H. ALLEN SONS CO., Lrp., Queen's 
Engineering Works, Bedford. T 168 


[rgizecr, with good practical 7 
4 experience in the maintenance of printin 
machinery and plant (mechanical and electrical 4 
REQUIRED for large modernised London printing 
works. Must have first rate administrative qualifi- * 
cations, be used to handling men and be conversant ~ 
with the ordering and care of stock and stores, 
Candidates are required to write, giving concisely © 
their qualifications, age and salary, and particulars © 
of the last two posts held by them.—Write BOX 
887, REYNELL’s, 44, Chancery Lane, W.C.2. T 235 


Tanted, a Technically 
TRAINED CiVIL ENGINEER SUPERIN. ~ 
TENDENT who has had experience in breaking up ~ 
and removing large masses of rock, such as very 7 
heavy railway cuttings, iron or copper, open pit © 
work, or big hydraulic canals. Vacancy is for large © 
English Company in Spain. Single man and college © 
raduate preferred, and Steam Shovel experience 
n_ hard rock essential. Also WANTED Practical ~ 
STEAM SHOVEL FOREMAN to manage and © 
instruct Steam Shovel drivers and manipulators, | 
Write stating full experience, salary expected, age, © 
married or single, if any knowledge of Spanish, to ~ 
“T.A.” c/o StREETs, 30, Cornhill, London, E.C. 3. 
oe os 5 RT em 
A Pplications are Invited for 
the POSITION of ASSISTANT POWER 
and ELECTRICAL ENGINEER. Applicants must ~ 
be experienced in the erection, maintenance, and — 
repair, in connection with Engineering Works | 
Electrical Equipment, and must have had first-rate 
experience with boiler and engine house plant. 
Application should be made by letter stating ex- 
perience, age, and salary required, and enclosin, 
copies of three recent test imonials.—A ddress, T 222, 
Offices of ENGINEERING, 


: = . . 

A Saistant Engineer Required 
for Railway and Harbour Works Construction 

in the Tropics. Age not over 40 years. Thorough 

technical and drawing office training, mechanical 

and electrical. 

Graduate preferred with good practical experience 
in design, lay-out, and maintenance of construction 
plan’. Salary £720 per annum with free furnished 
single quarters. First class passage out and home, 
250 outfit allowance. Liberal ave allowances, 
Strict medical examination. Tour of duty 12 to18 
months. 

Address, giving full particulars, T 279, Offices of 
ENGINEERING. 


edbourn Hill Iron and Coal 


CO. Ltd, REQUIRE a_ thoroughly 
PRACTICAL MAN as Chief Works Engineer. He 
must be capable of taking charge of all plant of a 
large blast furnace and steel works including coke 
ovens and ore mines, etc. Must be energetic and a 
conscientious worker.—Applications which will be 
treated in strictest confidence, should be marked 
confidential, aud state age. experience, where em- 
ployed, and salary required, to the SECRETARY 
of the Company, Frodingbam, Lincs. T 264 


<= 7 — ~ , Y — 

A Saistant Designer for Cen- 

trifugal and Turbine Pump work.—This 

POST has now been FILLED 
thank all applicants.—W. H. 

COMPANY Limirep, Bedford. ( 246 
[taughtsman Wanted,experi- 
enced in the design and execution of pneu 

matic systems for collecting and conveying wood 

shavings and other material. State age, experiencé 

and salary expected.— Address, PNEUMATIC, WM. 

Porteous & Co., Advertising Agents, Glasgow. T19% 


anted for Abroad, for 

about one year, LEADING ENGINEER 
DRAUGHTSMAN, capable of taking in hand 
arrangements of machinery and details for light 
cruisers and destroyers, also the design of machinery 
for small craft such as tugs, ferries, &c.—Address, 
ging age, experience and copies of testimonials, 

244, Offices of ENGINEERING. 














and we wish te 
ALLEN SONS & 
T 


[raughtsman.— Aerial Rope- 


WAYS.—First-class Man Wanted, accu 
tomed to preparing schemes and tenders.—Apply 
stating age, experience, wages required, when free, 
to CHIEF DRAUGHTSMAN, Joun M. HENDERSON 
anp Co., Aberdeen. T 270 


Yenior Draughtsmaag, 
h accustomed to Compressors and Air Brake 
work. Must be good mechanical man.—A<ddress, 
with full particulars, T 161, Offices of HNGIN! ERING. 


7 - 
FTrool Room Foreman Wanted, 

for large Factory in Midlands. Must have 
had first-class experience on up-to-date methods 
and have held a similar position, State ages 
experience, and salary required.—Address, T H8, 
Offices of ENGINEERING. 


—— 
———— 








SITUATIONS WANTED. 





((ontractors’ Manager Desires 
ENGAGEMENT; 20 years’ experience of 
Public Works,—Address, T 228, Offices of ENG@r 
NEERING. 
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PLATE IV. 





Pi a 
Tis THURCROFT MAIN COLLIERY, ROTHERHAM. 


AND apy SIGNAL COMPANY, LIMITED, ENGINEERS, LONDON. 





: SCripti see Pag 93. ) 
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Fig.35. DIAGRAM SHOWING ARRANGEMENT OF 
CONTROLLERS ON MAIN & EMPTY CAGES. 





Fig 39. 
SECTION 2 Z (Fig 37) 
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ELECTRO-PNEUMATIC DECKING PLANT 
FOR COLLIERY SHAFTS. 


No form of engineering development can be of 
more importance to this country than that which 
leads to the improvement of colliery equipment. 
Any system which promises to increase output 
and at the same time save labour is not only of very 
immediate interest to colliery owners but is of 
direct concern to all who are interested in our 
future welfare. Industrially this country must 
stand or fall with its coal mines, and many factors 
would indicate that if it is to stand at the level 
which we all desire a greater efficiency than now 
obtains must rule in its coalfields. The conditions 
which have to be met in our mines are largely of a 
domestic nature, and while it would be foolish to 





three and even four, deck cages. The multi-deck 
cage, by increasing the number of tubs which are 
lifted at each wind would appear to increase the 
winding capacity, but it is clear that unless the 
increased number of tubs are loaded on to and 
removed from the cage in approximately the same 
time as in the case of a single deck cage, then the 
time lost at the terminals may outbalance the in- 
creased lift and the total output may not be 
improved. Equipments with which this has 
proved to be the case are not unknown, and 
collieries may be found with multi-deck cages which 
are operated as single-deck cages. One of the chief 
disabilities with multi-deck cages when ordinary 
manual loading and unloading is practised lies 
in the very large number of men which must be 
employed, if any attempt is to be made to take 
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suggest that nothing may be learned abroad, it is 
none the less true that we must solve most of our 
problems for ourselves. 

Our coal-mining industry is a very old one and is 
hampered by much equipment of not too modern 
a nature. In very many cases also the shafts are 
very deep, the upper layers of coal having been 
worked out, so that the output of the pit is deter- 
mined by the rate at which coal can be transported 
up the shaft. To meet a condition of this kind 
by sinking a further shaft is a very expensive 
matter, while the enlarging of an existing one will 
not only be expensive and difficult, but frequently 
impossible. Increase in the winding capacity of a 
shaft will in many cases, by enabling coal getting to 
proceed more intensively, greatly improve the 
financial position of an undertaking, since there 
will be an increase in the marketable product 
without any important increase in the capital sunk. 
If in addition to increasing the winding capacity 
of a shaft a system can be applied which will greatly 
reduce the labour required in and about it a very 
important possibility is held out to colliery owners. 

This question of the importance of increasing the 
winding capacity of shafts is far from being an 
academic one, and much has been done by putting in 
improved winding equipment and introducing two, 








advantage of the extra winding capacity which the 
multi-stages should bring. As a very large number 
of men are in these circumstances employed in a 
very limited space they cannot work to the best 
advantage and in any case, of course, the wages 
bill is increased to an important extent. 

To those not directly acquainted with colliery 
working these introductory remarks will perhaps 
be of service in enabling them more fully to appre- 
ciate the remarkable qualifications of the electro- 
pneumatic decking gear which has been introduced 
by the Westinghouse Brake and Saxby Signal 
Company, Limited, of 82, York-road, King’s Cross, 
London. The name of this company is not, we 
think, generally associated with colliery plant, 
but this new sphere of work is directly in the line 
of development which they have made specially 
their own. The moving of coal up a vertical shaft 
is equally a transport problem with the moving of 
passengers on the District Railway, and while it 
is certain that the transport problems which have 
been met with on that railway could not have been 
dealt with without the signalling system, so it is 
fairly certain that almost equally striking develop- 
ments in the winding of coal will follow the adoption 
of their colliery gear. We propose to describe the 
firm’s decking system in reference specifically to 





the installation which has been made at the Thur- 
croft Main Colliery, near Rotherham, and which was 
put into operation a few months ago. This plant 
contains almost all the main features of the system. 
The only point in which it departs in an important 
feature from the firm’s standard practice we will 
indicate in due course. 


Briefly described, the system covers the power 
loading and unloading of the tubs on to and off 
the cage and the interlocking of all movements so 
that a following operation cannot take place until 
that preceding it in order is completed. The 
colliery shaft is fitted with a two-deck cage, and a 
brief indication of the operation of the gear may 
perhaps best be given by describing what happens 
when the loaded cage reaches the top of the shaft. 
The tubs are unloaded from the cage by a horizontal 
air-operated ram which advances and pushes them 
out through the gate. The ram at the same time 
pushes on to the cage empty tubs, which are taken 
down the shaft on the next trip. The first operation 
of the gear is the insertion of keps under the cage 
immediately it has reached its top position. The 
keps sustain the weight of the cage and locate its 
position so that the rails on which the tubs run 
line up with those on the head gear. The banksman 
receives an indication immediately the keps are 
in place. When he has received this indication, 
and not before, he can operate the ram control 
so that the loaded trucks are pushed off the cage and 
the empty ones are pushed on. Each deck of the 
cage carries three tubs, and as the loaded tubs 
leave the cage they automatically register so that 
further operations cannot proceed until the three 
tubs are clear of the cage. When the tubs are clear 
the ram automatically reverses. The keps are 
removed when the ram has moved back and 
the all-clear signal is given for the cage to be 
lowered again. 

This sketch of the operations has purposely been 
made very incomplete in order to give a preliminary 
general notion of the function of the electro- 
pneumatic gear. A fuller idea of the various inter- 
lockings and movements which take place will be 
obtained from an inspection of Fig. 1, annexed, 
which is a diagram tabulating the various operations 
and the order of their occurrence. This diagram we 
will refer to again later. For the moment the point 
it is desired to make is that the unloading of the 
full tubs from the cage and the loading on to it of 
the empty tubs is controlled by the banksman with 
a single lever movement, and that this operation 
cannot take place unless the keps are in place. 
Further that the cage cannot be returned down the 
shaft until the loaded tubs are clear, so that in the 
event, for instance, of a tub leaving the rails and 
fouling in the cage, it is not possible for the return 
journey to begin until the tub has been righted 
and cleared. The fact that all movements are 
interlocked in this way enables the various opera- 
tions to follow each other very rapidly. The whole 
decking operation is controlled by the banksman 
from a single point, and he is able to set the un- 
loading ram in operation within a fraction of a 
second of receiving the signal “ keps under,”’ and 
similarly for later operations. 

We may now proceed with a rather more detailed 
description of the installation and reference may 
first be made to Fig. 2, on page 94, which is a 
sketch of the cage arrangement and operating ram. 
The main cage is shown at a and on either side of 
it there are cages or hoists b andc, The main cage 
is shown at its top position. The hoist c to the right 
works between the position shown and the lower 
dotted position. This hoist serves to bring the 
empty tubs up into position for loading on to the 
main ¢ As shown in Fig. 2, the main cage a 
is charged with loaded tubs and the hoist ¢ with 
empty ones, and it is clear that as the ram moves 
forward it will push the empty tubs on to the main 
cage, and that the loaded tubs will be pushed off 
and on to the left-hand hoist 6. This hoist 6 serves 
to deliver both sets of loaded tubs on to the rails 
leading to the weighing machine. The tubs on the 
bottom deck leave first, and the hoist is then lowered 
until the upper deck comes into the position occu- 
pied by the lower deck in Fig. 2. The upper set 
of tubs then runs off. The tubs leave this hoist by 
gravity. The whole of the winding time, during 
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which the main cage is travelling in the shaft, is 
available for the unloading of this hoist and its 
return to the position shown in the figure. 

The right-hand hoist c deals with empty tubs only. 
The tube after discharging to the screens work 
round the colliery head gear and serve a line which 
feeds the hoist c is when it is in its lower position. 
The feeding platform is indicated in Fig. 2, and the 
two decks of the hoist are loaded by moving it to 
two positions so that the two decks in turn come 
level with the feeding line. When the hoist has 
been charged with empty tubs it is moved to the 
upper position, as shown in Fig. 2, ready for the 
return of the main cage with another batch of loaded 
tubs. As in the case of the left-hand hoist it is 
clear that the whole of the winding time is available 
for the recharging of the right-hand hoist with a new 
batch of empty tubs, so that there is no question of 
the manipulation of these hoists affecting the output 
of coal up to the shaft. This is determined solely 
by the actual winding time and the time spent at 
the terminals, The purpose of the _ electro- 
pneumatic gear is to cut down this latter time, as 
well as to eliminate much labour and reduce possi- 
bility of accident. A view of the rear end of the 
main ram which pushes the tubs out of the cage is 
given in Fig. 5, on page 96, while the control 
station from which the whole of the apparatus is 
operated is shown in Fig. 7 on the same page. 

The whole of the detail operations which take 
place in connection with the control gear as the 
loaded cage reaches the top of the shaft, is unloaded 
and starts on its return journey may be followed 
from Fig. 1. This should be studied in connection 
with Figs. 3 and 4, on page 95, which show the 
electrical connections. Fig. 3 is merely a simplified 
version of Fig. 4. It will be understood in general 
terms that all the actual power motions of the gear 
such as the operation of the keps, and the pushing 
of the tubs out of the cage, are carried out by com- 
pressed air operated rams working at 50 to 80 lbs. 
per sq. in., which are supplied from the ordinary 
compressed air system of the colliery. The move- 
ments of these compressed air motors are, however, 
controlled electrically from a low-tension circuit 
supplied by a seven-cell accumulator, the con- 
nections of which are indicated in Fig. 8, on 
page 96. It will be noted from this diagram 
that the cells are floating on the 220 volt supply 
line through resistances. The practical effect of 
this is that they form a standby only, and that the 
operating current is drawn from the supply mains. 
The total number of compressed air machines is 
fourteen, consisting of the main ram, which moves 
the tubs and which is indicated to the right of 
Fig. 4, an auxiliary motor which controls the speed 
return of the ram, the motor which operates the 
keps shown at 10, in Fig. 4, four motors shown 
which operate in connection with the registering 
of the tubs as they enter and leave the cage, and also 
with the locking of them in position when necessary, 
one motor operating in connection with the hoist, 
and six motors operating the main gates. No 
air pipe connections are indicated in Fig. 4, which 
shows electrical circuits only. Before proceeding 
further, attention may be directed to Figs. 9 to 11, 
on Plate IV, as these wil! give a working idea of 
the general appearance of the plant with which we 
are concerned, Figs. 9 and 10 show the framework 
at the shaft top and the main ram from two points of 
view, while Fig. 11 is a view looking across the top 
of the shaft when the cage is below and shows the 
various contact boxes containing the apparatus 
with which we now have to deal. 

It is not necessary to specify here all the various 
detail pieces of apparatus which are indicated in 
Fig. 4, as they may be picked out from their reference 
numbers and the table which accompanies the 
figure. It may facilitate following the diagram 
however, if the nature of the main items illustrated 
in it is indicated. The pneumatic devices have 
already been referred to, but attention may be 
directed to Fig. 13, on Plate IV, which shows the 
type of motor used to operate the keps, and clearly 
illustrates that the main air distribution is con- 
trolled by a small piston operated valve, the air 
supply to the pistons being controlled electrically. 
Referring to other items indicated in Fig. 4, atten- 
tion may be directed to that marked 37 at the left- 





hand bottom corner of the figure. This is the main 
controller, which is shown in the general view of 
the control station given in Fig. 7, and is illustrated 
in detail in Figs. 13 to 20, on Plate IV. As will 
be noted from Fig. 7, the controller has two main 
handles, only one of these, however, is used in 
connection with each cage. It will be seen from 
Figs. 14 to 20, the controller handles operate switch 
boxes, and that on the opposite side of the frame 
from the boxes electric coils locks are fitted. These 
act in connection with interlocks to which we shall 
have occasion to refer later. The interlocks are in- 
dicated next to the handle of the controller, in Fig. 4. 
A further point in connection with the controller 
which should be mentioned is the switch-box which 
can be seen mounted behind the operating handles 
in Fig. 7. This box is not shown in Figs. 14 to 16, 
but is indicated to the left-hand side of the con- 
troller in Fig. 4. This switch-box is not operated 
in the normal working of the gear and forms a 
safety arrangement for use when men are being 
wound. 

Other items shown in Fig. 4 which may be referred 
to are the relays indicated at 30, 31, 32 and 33. 





Fig.2. | 


supply current to the operating coils of the com- 

air motor 10, so that the keps will be 
inserted under the cage, and that the contact will 
not be made unless the controller is in the centre 
position as it should be. 

Immediately the keps are in place a signal is 
transmitted to the banksman, which he receives 
on one of the dials of the indicating board which can 
be seen on the stanchion at the back of the control 
station in Fig. 7. The signal is made visible by the 
lighting up of an electric lamp. The indicator is 
shown at 34 in Fig. 4, and the circuit is made 
through the contact 11 which is closed by the 
operation of the keps. This circuit is a simple one 
and will be immediately traced from Fig. 4. It 
should be said here that contacts 1] and all similar 
contacts to which we shall have occasion to refer 
are mounted in cast-iron boxes and are generally 
in line with the arrangement shown in Figs. 21 to 27, 
to which reference has already been made. They 
are substantial articles and are not likely to give 
trouble. It will be seen from Fig. 1 that at the 
same time the keps are inserted the main cage gates 
are raised. These are the gates which are fitted to 
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These are operated by the movements of the switch 
boxes and the controller, and in turn-control 
current distribution throughout the various circuits 
which run to the rams and other details. The relays 
are mounted in an easily-accessible position on the 
wall of the pit-head house, and their appearance is 
well shown in Fig. 12,0n Plate IV. An independent 
view of the mechanism of one of the relays is given 
in Fig. 6, on page 96. Reference has already been 
made to the fact that the controller has two 
handles, one for each cage, and it should be pointed 
out here that the material shown in Fig, 4 is 
duplicated, the equipments serving the right and 
left hand cages respectively. The two cages, of 
course, balance each other in the shaft in the usual 
way. There would, however, be no object in 
phrasing our description in terms of the double 
equipment, and it will simplify matters if we 
continue to speak of one of the equipments only. 
With these explanations the operation of the 
gear may be followed out in detail. This will be 
done with reference throughout to Fig. 1. It may 
be assumed, as stated in that figure, that the hoists 
c and 6 are in line and that the loaded cage a is 
rising. Under these conditions the controller 
handle would bé in the normal position, that is as 
indicated in Fig. 4, and as shown both in Fig. 7 and 
Figs. 14 to 16, while the relay 32 would be up with 
its contacts closed and relays 30 and 31 down. As 
the cage reaches its top position a ramp which is 
carried on its side operates an ironclad throw-over 
switch which is mounted on the head gear. The 
contacts marked 18 in Fig. 4 are carried in this box. 
The box itself is of the type illustrated in Figs. 
21 to 27, on Plate IV, while it can actually be seen 
on the far side of the upper framework in Fig. 11. 
If the top contact of 18 is traced through in Fig. 4 
it will be seen that the closing of this contact will 








prevent anyone falling down the shaft when the 
cage is not in its top position. The ordinary 
type of gate which is lifted by the cage itself as it 
rises may be used in connection with this gear, but 
in the Thurcroft installation electro-pneumatically 
operated gates have been introduced. 

The ordinary type of lifting gate is struck a sharp 
blow by the rising cage at each wind and conse- 
quently is somewhat noisy and has not a long life, 
and the Thurcroft gate will have advantages in these 
directions. The arrangement of the gate is illus- 
trated in Fig. 36, on Plate IV. As will be seen, 
each leaf consists of two arms which swing together, 
the vertical bars remaining parallel to each other as 
the gates fold. They are operated by compressed 
air motors as is clearly shown in Fig. 36. As will 
be seen from Fig. 4, three sets of gates are fitted. 
One of these operates in connection with hoist c 
and the circuit by which the gate is lifted when the 
hoist c has reached its top position and closed the 
contacts 27 will be easily traced. The same thing 
applies to the gates of the main cage, which are 
operated by the closing of the contacts 18. The 
circuit is a continuation of that which leads to the 
motor operating the keps. 

Properly to describe the operation of the gear it 
will be necessary to trace through the connections 
shown in Fig. 4, and in order not to make this 
description too lengthy we will do this as concisely 
as possible. With the explanations so far given 
it should be possible to utilise the diagrams with 
little trouble. It will be advisable, however, to 
trace fairly fully the circuits controlling the ramming 
by which the tubs are pushed out of the cage and the 
automatic counting of the tubs. These operations 
illustrate the interlocking of the various motions 
somewhat more fully than the preliminary opera- 
tions we have already described. At the stage we 


JAN. 27, 1922.] 


ENGINEERING. 


95 








have now reached in tracing through Figs. 1 and 4, 
the cage gates are raised and the keps are inserted, 
and it will be seen from Fig. 1 that various auto- 
matic operations take place before the banksman 
receives the signal “ready to ram.” These opera- 
tions, although somewhat cumbersome to describe, 
actually take place in a fraction of a second. 

As will be seen from Fig. 1, the first of the opera- 
tions with which we are now concerned is “ star 
axle tub controllers unlocked.” To explain this 
it is necessary to say something about the method 
by which the tubs leaving the cage are registered. 
Actually it is axles that are counted, not tubs, so 
that as there are three tubs each with two axles 
in each batch it is necessary for six axles to register 
before it is certain that the tubs are clear of the cage. 
The counter is of the type shown in a simple form in 
Figs. 28 to 31, on Plate IV, each axle engaging with 


Fig. 4. 


=s=5, 
-----} 
+ a 








a rocking shaft and link carried by the cage. The 
cireuit for Eprrane the tub stops may be traced 
in Fig. 4, and it will be seen that unlocking cannot 
take place unless hoists b and c are in line. The 
circuit may conveniently be traced from the positive 
terminal in box 11 which is operated by the keps 
motor, From there it passes through box 3 which 
indicates that hoist 6 is in the correct position, 
through box 18 to box 27, which indicates that 
hoist ¢ is in line and from thence to the two lower 
contacts of relay 32. From the upper of these two 
contacts the circuit passes through the controller, 
through box 184, indicating that the gates are open 
and cages in line, and to the tub stop motors at 
12, 14, 21 and 23, connection being made to the 
negative pole shown in the diagram. 

The four lock motors becoming energised open all 
four locks simultaneously and operate indication con- 





















































reverse motor on the ram. The ram then moves 
back. The actual arrangement of the switch boxes 
on the ram head with operating rollers and trips 
is illustrated in Figs. 37 and 38 on Plate IV. 

The controller is now moved back to its centre 
position, the “ Ready to ram” indication having 
disappeared owing to the breaking of the circuits 
in boxes 16 and 17 by the passing over of the tubs. 
Providing the ram has moved back clear of the 
main cage the placing of the controller in its centre 
position gives a circuit from the itive pole in 
box 19, to box 16 on the lower deck and box 17 on 
the upper deck of the cage; and on to boxes 
13 and 15 and thence to box 9 and boxes 7 and 8, 
from there it passes to the main safety switch and 
to the keps motors which operates and withdraws 
the keps. It will be understood that this circuit 
cannot be made unless three loaded tubs have 
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. Six-point axle counter, geared 2 to 1. 

. Contact box for hoist b in bottom position. 

Contact box for hoist } in top position. 

Contact box to show when gate is lifted. 

Magnet valve controlling operation of hoist b. 

. Mechanically-operated axle stop. 

. = stop for axles, with a contact box showing when stop 
is up. 


“Im om oO 


one tooth of the star wheel as it passes, and moving 
it round the length of the tooth pitch. When three 
tubs have passed the star wheel will have made one 
revolution. It is clear that this star wheel may also 
be used as a tub stop as well as a counter, and it is 
actually employed in that way. By releasing the 
wheel the tubs are allowed to proceed, and if it is 
locked at any time it will be in a position to prevent 
the passage of any further axle. 

The positions of the various tub stops and counters 
are indicated in Fig. 4. There are two of these star 
wheels actually on the main cage at 12 and 14, and 
two on hoist c, at 21 and 23. They are all unlocked 
by compressed air cylinders as indicated in the 
diagram. It will be obvious that neither electrical 
nor compressed air connections can be carried on to 
the main cage, and a mechanical connection is con- 
sequently required between the actual operating 
mechanism and the star wheel. The mechanism 
is illustrated in Figs. 32 to 35, on Plate IV, from 
which it will be clear that a lever carried by the 
cage is arranged to come opposite an operating 
block when the cage is in its top position. The 
motion is transmitted to the star wheel through 
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8 and 9. Six-point axle counters, with contact boxes showing 
- a six axles a P 
otor operating ps un er main cage 
11. Indication contact Ay showing when = are in or out. 
12, 14, 21, 23. Motors which unlock the axle counters. 
13, 15, 22, 24. Contact boxes which indicate whether axle stops 
are locked or unlocked 


16, 17. Back stops for axles with contact boxes to indicate when 
stops are up. 
tact boxes. These illuminate the ‘‘ Ready to ram” 


indicator, the circuit passing from the lower contact 
of relay 32 to box 24, thence through boxes 15, 
22 and 13, totheindicator. At the same time, as can 
be followed from the diagram, the reverse interlock 
on the controller which can be seen next the operat- 
ing handle in Fig. 4, is picked up, as also is relay 
30, through contact box 13. The control lever is 
then pulled over into the reverse position and the 
ram comes forward, pushing the loaded tubs on to 
hoist b and the empty tubs from hoist ¢ on to the 
main cage a. The circuit which operates the valve 
of the main ram passes from the positive pole of the 
main safety switch box to be seen to the left of the 
controller in Fig. 4, through the controller to the 
centre contact of relay 30. From here connection is 
made direct to the valve motor. When the ram 
has reached its full stroke it makes a connection in 
box 19 which energises relay 31, which lifts. When 
lifted a second connection is made to the relay, 
through its own top contact, from box 18, as can be 
seen from the diagram. A second contact in box 19 is 
then broken and this breaks the circuit of relay 30, 
which falls, its lower contact then energising the 





18. Contact box to indicate when cage ais in normal top position 
19, 20. Contact boxes which are operated by ram heads. 
25, ro Back stops for axles with contact boxes to indicate when 


ps are up. 
27. Contact box to indicate that hoist ¢ is in 


position. 
> 29. Contact boxes operated bv ram heads when right back. 
30, 31, 32, 33. Relays. 
34, 35, 36. Indicators. 
: Main ‘controller. 


travelled off the main cage and three empty ones 
on to it. The withdrawal of the keps closes the 
contact in box 11 and gives a positive connection 
from the middle contact of relay 31 to the front 
N contact of the controller. From here the circuit 
operates the controller lock and makes a connection 
through box 18 to the “‘ All clear to lower ”’ indica- 
tion. The controller is then moved back to normal, 
and the cycle is complete, the cage starting on its 
return journey, and all contact boxes automatically 
resuming their normal positions. The total time 
between the cage coming to rest at the top of the 
shaft and its start on its return journey is at the 
present time occupying ten seconds, but there is 
no doubt but that the work can be done comfort- 
ably in eight seconds. Development on these lines 
will not, however, be pushed until all banksmen are 
thoroughly used to the operation of the decking 
plant. The main safety switch which has been 
referred to more than once is simply a protection 
for cutting out all ram operation when men are 
being wound. 

In addition to the circuits we have traced there 
is a control in connection with hoist b which 
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ELECTRO-PNEUMATIC DECKING PLANT AT THE THURCROFT MAIN COLLIERY. 


CONSTRUCTED BY THE WESTINGHOUSE BRAKE AND SAXBY SIGNAL COMPANY, LIMITED, LONDON. 




















Fic. 6. RELAY MECHANISM. 


: BALANCED BATTERY. 
Fie. 5. Rear Enp or Marn Ram. Mains 220V. ‘ 






1+ 


Fig.8. 

















Volts & 
y Tt 


titi? 
_7 Cells, 
Pp ony SP ane 


(7126.¥) ais 

















passing over counter 1 operates motor 5 again and 
the hoist is raised to the upper level by its own 
counterweight. There is also a control in connec- 
tion with hoist c which prevents this hoist being 
operated unless the ram is clear. The hoist is an 
electric one with push-button control which is 
| rendered inoperative unless relay 33 is energised. 


(To be continued.) 








THE PROPORTIONING OF STEAM 
TURBINE BLADING. 


By Harotp Mepway Martin, Wh.Sc., A.C.G.I. 
(Continued from page 70.) 


THE method, of fixing the blade height of a 
group, described in the last article is in part 
empirical, and it is accordingly desirable to ascer- 
tain the probable error involved in the method. 
It will be shown in what follows that this error is 
in general insignificant save in cases necessitating 
the use of wing or semi-wing blades. 

When steam passes in succession through a 

number of openings, a certain thermodynamic head q 
Fic. 7. Conrrot Sration. is expended at each opening. If U be the total 


thermodynamic head expended in a group, we 
incorporates a 12-axle counter at 1. This hoist bis; three tubs from the bottom deck of the main cage | have : 


a gravity drop cage controlled in its rate of descent | run out under cage b and operate counter 1. When U=1 + % + &e., + 

by a cataract oil cylinder. The cataract valve is|six axles have passed this counter, the cataract =21¢ 

operated by motor 5, which is controlled by counter | valve is opened by motor 5 and hoist b drops by| Laplace has given a theorem in the Calculus of 
1. The entire operation of hoist b is automatic | gravity to the lower level where a mechanical stop | Finite Differences which may be written in the 
requiring no attention from the banksmen. The! is released. The action of the second three tubs | following form : 
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Whence w= — Ss - . (E) [ + | oF n f 1 @ 
‘ni a (A2g — A&q.) + &e. J n(1) mean value o (carp) 
4)??/ 


In such cases as occur in steam turbine practice, 
the terms involving the 4’s are always small, so 
that we may write simply : 


U=z=i¢= d q— 4 
19g Sa Sti 


Whence : 
d Dies dq 
dn ** *an * 
Let us assume (as is strictly true for the ideal 
turbine and also for a dummy) that the square of 
the velocity of flow through an opening is pro- 
portional to g. We can then write: 
w? ve 
m 
where w denotes the weight of steam passed per 
second, V its specific volume and © the area avail- 
able for flow, and F is some constant. 
We also have the general relationship : 


- (A) 


q=F 











du=- “4 vap. 
So that (A) becomes : 
144 w2 ye d weve 
- == Vdp=F —— da peat Wie ck ag 
J 4 (22 wy? hh (22 
or 
- 144? oP? dan + 2. log vob 
FJ we v dn Q 


There are two cases of special importance. 

if Q be constant we get : 
_ 4 pap _ n + log N 
FJw/ V oy peng 
which, when p V is constant (as is the case when the 


steam is wire drawn) reduces to the ordinary dummy 
formula, viz. : 
(1~ a) 
zw} . 


Po 
Vo 


Thus 


. (B) 


w = 682 (C) 


N + log, x 

Here x denotes the ratio of the pressures before and 
behind the dummy, and N the number of con- 
strictions. When N is small the logarithmic term 
becomes of considerable importance.* 

In deducing this formula certain terms in Laplace’s 
equation were neglected. The magnitude of the 
error thus occasioned can be evaluated by comparing 
the flow through a dummy as calculated by the 
exact step-by-step method, with the flow as given 
by the formula. Such a comparison yields the 
following figures : 





No. of Constrictions N. | 1 








Discharge calculated by 








formula (C) 2é «.}1+275)1-274/1-273/1-272/1-270)1-269 
True discharge as calcu- 
lated step by step a“ |" +286) 1 -286/1 -286)1 -286)1-286)1-286 
| 








The above figures amply justify the neglect of the 
small terms in Laplace’s equation. Formula (C) 
is sometimes written without the logarithmic term, 
and this is legitimate when N is large, but with small 
values of N the error involved may be very con- 
siderable. 


Equation (B) may be written as : 


wt. mor J, FY 


« (D 
j (D) 


n+ log, + 
0 


In this case 2 is constant. In the other case 
of special interest 2 varies in direct proportion to V 


so that q is constant anddq =o. We thus get; 
144 dp _dn 
JwFV @ 





* This equation (C) is often used in the design of 
turbines leaving out the logz term. This is sufficiently 
accurate when the number of rows in a group is large but 
introduces considerable error when the number ig small 
and the expansion rapid, as is generally the case towards 
the exhaust end. In such cases greater accuracy can be 
obtained by substituting in the actual turbine for N,a 
number of rows N’ evaluated as follows : 


N’ = N — log, « 


Here N’ is the number of rows of blades both on 
cylinder and spindle. 





1 
a’ 


where (a) denotes the mean value of and by 


Cote’s rule 


1 1 1 4 1 
(a) = Lag + (&)s * (@),] 

Applying these equations to the ideal turbine 
the area available for flow is proportional to A’. 
Hence, if we are to replace n blades of the ideal 
turbine by an equal number of blades all of the 
same height and are to pass through these the same 
weight of steam under the same pressure drop, 
we must have the relation : 


he 6 


"Lie 405) “Ged 


hy 
€ flo 
Here h,' denotes the blade height of a row 
of the ideal turbine (imaginary or otherwise) in 
front of the first row of the proposed group. 
In deducing equation (F) it has been assumed 
that the change made in the blading will not effect 





. (F) 


n + log 


the value of {4%. This is not absolutely true, but 


the error involved is quite negligible for such ratios 
of expansions through a group as are usual in 
practice. 

Let us apply formula (F) to determine the 
theoretical mean height of the first group of the 
high-pressure turbine of which the proportions 
were determined in the last article. 

Here nN = 12, so that § = 6. Then from the 
curve in Fig. 9, page 69 ante, we find h,' = 0°8555, 
he = 0-986, h,,' = 1-142. 


Thus 
1 \2 1\2 1 \@ 
pe 4({—) + {— ) = 6°248 
(ix) Mi (ix) (ie) 


log, i = 0289. 


We thus get 
(i)° a - ( 1-002 y 

From the diagram we get h=0-995. This 
diagram was drawn to a scale sufficient to allow 
of h} being estimated to four figures, and the tables 
have also been compiled with a four-figure accuracy. 
This degree of precision is unnecessary in practical 
work, but was adopted in order to obtain a trust- 
worthy comparison between the empirical rule and 
the theoretical one. In this instance, the difference 
between the two is, it will be seen, insignificant. 

If, however, we make a similar comparison 
between the empirical and rational values for the 
height of the last group of blades of the low pressure 
turbine, the discrepancy is much larger. 

In this case the group consists of two blades. 
The values of A,}, his, and h,, as taken from Fig. 5, 


3% 
page 67 ante, are then as follows: 
hy = 14°53, Aly = 10°06 and Ag = 7°11 


and 


12 ¥ 6 
12-289 6-248 


Whence by Cotes’ rule the mean value of 





(; y _ 0706403 
hi 6 
. hly 
whilst loge — =0°'713 
hlo 
We thus get : 


~\2? 2-718 6 
(3) ~ “3 * 606908 

so that h = 11-27 as compared with 12-10 as 
measured from the diagram. The error here is fairly 
large, and it is thus advisable where the value found 
for h is in excess of one sixth the mean diameter 
to check the “diagram ” value of h by the rational 
formula, but it is hardly worth while to do this 
elsewhere, since the error in the diagram height will 
generally be smaller than that involved in reducing 
the blade heights to even eighths of an inch, as is 
the general practice. 

When the group of blades to be replaced has a 
constant drum diameter instead of a constant mean 
diameter the formula of reduction is slightly more 
complicated; we then get: 





With the slide rule, however, this formula can be 
quickly evaluated. Moreover, the value of log, © 
0 


being (for a four figure accuracy in the final result) 
only required to three figures, is also most con- 
veniently obtained from the slide rule. The 


common logarithm of -** can be read from the 
back of the rule and then (on the front of the rule) 
multiplied by 2°30 to obtain the equivalent hyper- 
bolic logarithm. 

Calculating by the equation just given the 
theoretical values of h for Groups No. IV, V, 


and VI of the L. P. turbine we get the figures 
shown below: 





Group No. | IV. v. | VI. 
Theoretical blade height .. | 2-60 3-86 6-05 
Height from curve o's 2-62 3-96 6-20 





For the blading on the 25 in. drum we get the 
following comparison : 





Group No. | I Il. 





Theoretical blade height. . 


1°43 
Height from curve 1-45 


toro 


-06 
07 





The differences here are probably not larger than 
the errors consequent on using Cotes’ formula for 
integration and the same applies a fortiori to the 
blading of the high pressure turbine. Hence, save 
at the extreme end of the L. P. turbine it seems 
hardly necessary to modify the heights as read 
from the curves. 

The heights of the blades for the high-pressure 
turbine require correction for dummy leakage, 
since whilst the whole of the steam passes through 
the blading of the low-pressure turbine, part of it is 
bye-passed through the dummies of the high-pressure 
turbine. To calculate the dummy leakage it is 
necessary to know the pressure distribution. This 
is easily found by plotting the values of log p given 
in Table IV, page 33 ante, against y, the number of 
rows in the high-pressure ideal turbine. This has 
been done in Fig. 12, page 98, and it is worthy of 
note that the resultant curve differs materially from 
a straight line. In the case of reaction turbines 
built in the early days log » plotted against K was 
sensibly straight. In the ideal turbine y is directly 
proportional to K and the ideal turbine is a turbine 
of uniform efficiency. It follows accordingly that 
any turbine in which log p plots against K as a 
straight line must have an efficiency less than the 
maximum possible with the number of blade rows 


From the diagram we note that log p at the 
end of the third group is 1-850 and the corre- 
sponding pressure here is accordingly about 71 Ib. 
per square inch. Similarly we find that the pressure 
at the end of Group IV is 48-1 Ib. per square inch 
and at the end of Group V 25-8 lb. per square inch. 
The drum diameter for these two groups is 22 in., 
and for the purposes of calculation we may take the 
casing diameter at Group IV as 25 in. and at 
Group V as 264 in. The corresponding annular 
areas are accordingly about 156 sq. in. and 111 sq. in. 
respectively. The end thrust due to the blades of 
Group IV is thus 

$ x111(71-0 — 48-1) = 1270 Ib. 
whilst the thrust contributed by the blades of 
Group V is 
+ x 156 x (48-1 — 25-8) = 1740 bb. nearly. 
Making a total of 3,010 lb. The annular area 
needed at the low-pressure dummy to balance this 
thrust is therefore 
3010 
71-0 — 25°8 
The drum diameter at the low-pressure end of the 
turbine is 22 in., and has an area of 380 sq. in. 
Adding 67 to this we get 447 sq. in., and on reference 
to a table of areas of circles we find 23} in. as the 
low-pressure dummy diameter. The permissible 


== 67 sq. in. nearly. 
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clearance is fixed by the diameter of the largest 
dummy, and will in this case be taken as 10 mils. 
The diameter of the high-pressure dummy is 17} in., 
and taking the coefficient of discharge from a dummy 
constriction as some 70 per cent. we get for the 
weight discharged in pounds per second the formula : 
Be 

2 

N + loge x 


PP, Ll- 


dc Pu 
0 Vi 


Oa ...— 


90 


where d denotes the dummy diameter in inches and 

c the clearance in mils, In the present case 

p, = 238, V, = 2-493, whilst + — 29%, so that 
1 : 

| ——> = 0-92 and log, x= 1-21. Taking N as 12 


we get the weight by-passed through the high- 
pressure dummy as, say, 0-22 lb. per second. 

We shall assume that the same weight is also 
passed through the second dummy, although 
generally the leakage here is smaller. Hence all 
the blade heights in Table XI should be reduced 
17-11 
17-33 
corrected values of h :— 


in the ratio of 





and we thus get the following 











| 
Group No. I. II ill Iv. vw, 
_ | 
Blade height cor- 
rected for dummy 
leakage .. ee 1-340 | 1-814 1-48 2-10 
In this case the correction is small. A more 


important one is the correction for tip leakage, 
since owing to this the effective area for flow is 
increased beyond that nominally due to the blade 
height, 

The blade tip clearance to be allowed may be 
represented by the formula : 


e=10+0-8D +4h. 


Here c denotes the clearance in mils. and D and h 
are taken in inches, 

In correcting the computed blade heights it is 
sufficient to reduce them by twice the value of ¢, 
and we thus get for the values as finally corrected 
the following figures :— 





pressures it has been found necessary to use stronger 
blades than were formerly adopted. This matter 
will be found fully discussed in a paper by Professor 
G. G. Stoney, F.R.S., published in our issue of 


PRESSURE DISTRIBUTION IN 
TURBINE 


Fig.i2. 


HP 















: 
Va of v. 


April 26, 1918. To avoid flimsiness the blade 
heights for modern reaction blading may well be 
limited to the values given below :— 


(7120.A) 





in. | in. in. in. in. in. 
Normal size of blade ] ; t 1 1} 
Limiting height .. oof & 4 7 10 144 |20 
Minimum axial spacing ..| 1 1 2k 24 3h | 4 





(T'o be continued.) 





GREAVES-ETCHELLS Steet FURNACES FOR AMERICA.— 
are informed that the Ford Motor Company has 











! 
Group No. | I Il 11 | Iv v. We 
] A 
Corrected blade 
height ee .-| 0-938 | 1-284 | 1-754 | 1-413 | 2-028 
Practical value (in.) 1 ~ % 1} 1g 2 
Total rows in group 
(fixed and moving) | 12 12 14 6 8 





The height of the last group of blades of the 
high-pressure turbine at times requires some 
adjustment in order to secure that the pressure at 
the entrance to the low-pressure turbine shall have 


the intended value. 


Thus let pg and py be the actual values of the 
pressures before and behind the last group as 
determined from Fig. 12, and let it be required 


to adjust the blade heights so that the pressure at 
discharge shall be p, instead of pp. 


sufficient to use the approximate expression : 


h* = hj Pa — Pb 


€ ee 


PG — Pe 


For the low-pressure turbine the heights found 
were as given in the second line below :— 



































>. 
Group No. I. Il. Hit, | iV. | V. | VI. | Vil. 

anid ee Rees) smaere SEES: 
A... - - -| L-450/2 -070/2 -970)2 -620/3 -960/6-200| 8g* 
Clearance correction |0-072/0 -077/0 -086) -097/0-108|0-126| — 
Adjusted height . ./1-378)1-9938 2-884/2-523 3-852/6-074| — 
Practical height 1g 2-0 25 24 3% 16-0 8E* 
Total rows in group 

(@xed and moving)| 4 4 4 2 2 2 2 

* Special blade. 


In the practical use of the methods described in the 


preceding articles it saves time if the value of 4 y, A? y 


d . 
and Ts are determined at the same time as y. 


With the introduction of higher speeds and higher 


Then for such 
small adjustments as are here contemplated it is 


P an order for Greaves-Etchells electric furnaces 
with the Electric Furnace Construction Company (the 
American branch of Messrs. T. H. Watson and Co., of 
Sheffield, Limited), the order including the largest electric 
steel melting furnace ever designed. Its capacity will be 
9,000 k.v.a., and over 60 tons of steel; it will be fitted 
with six electrodes. Two Greaves-Etchells electric 
furnaces are already operating at the Ford works, 
Detroit, and in addition to the large 60-ton furnace above 
mentioned, two 10-ton furnaces are ordered. The large 
furnace will be the principal melting unit of the new 
battery of electric furnaces for the Ford Company’s River 
Rouge Works. 





DanIsH SHIPBUILDING.—A prominent Danish ship- 
builder states that during the year 1921 the Danish 
shipyards have all felt the extremely serious, all-round 
stagnation in shipping. The older yards, owning well- 
trained technic: and merchant staffs, and having 
numerous customers and extensive markets, managed 
fairly well during the first half of the year; they were 
partly employed with the completion of new vessels on 
old contracts and partly with repairs. The last half of 
the year, on the other hand, has been very slack, and 
it is much to be hoped that the new year may soon show 
an improvement in these conditions. A provincial yard 
started during the war with a fair amount of flourish, 
the “‘ Vulean’* at Korsér, on the Great Belt, has been 
compelled to liquidate and the entire share capital is 
lost. It has existed for some 3} years, and during that 
time managed to build two small boats. 

_Curnite, A Urantum-Leap Mrverar. — The new, 
hig! radioactive mineral, described in a December 
meeting of the Paris Académie des Sciences, is in- 
teresting because it is a compound of uranium and 
lead oye hardly any other constituent. It is 
found in the Katanga district of the Congo, in yellow 
translucent needle corsele, or as a crystalline or earthy 
mass, practically of the same composition as the crystals. 
The analyses yielded 21-3 per cent. of lead oxide PbO 
and 74-2 per cent. of the uranium oxide UOs, with 4 per 
cent. of water and a small impurity of iron oxide. The 
composition of the mineral, for which the name Curite is 
proper. is, therefore, essentially 2PbO, 5 UO;, 4H20. 
t is soluble in cold nitric acid and in hot hydrochloric 
acid ; from the latter solution the lead chloride crystal- 
lises, The density of curite is 7-19. Nothing was said 
at the meeting as to the extent of the deposits of this 
mineral, which must be very valuable. 
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Heat Treatment of Soft and Medium Steels. Theory and 
Practice of the Preliminary Heat Treatments. Designed 
to give Maximum Toughness to Steels used for Machine 
Parts. By Freperico Giouirti, Ph.D. Translated 
by E. E. Tuum and D. G. Vernaci. First edition. 
New York and London: McGraw-Hill Book Company, 
Inc. [Price 308. net.) 

Tuts book at once arrests the attention by the fact 
that the author, Professor Giolitti, is unquestionably 
the foremost Italian metallurgist, who has made a 
name for himself as an investigator all the world 
over by his researches on the case-hardening of 
steel. The results which he obtained by the use of 
carbon monoxide in assisting cementation and their 
successful application to industrial establishments 
proved at once the strength of his logic and his 
intuitive grasp of practical affairs. In this book, 
which sets forth his labours in an allied field of steel 
metallurgy, one expects to find further proof of his 
reasoning powers and wide scholarship, and one is 
gratified to find abundant evidence of both. 

The starting point of his investigations is charac- 
teristically acute, depending as it does on a very 
intimate reconstruction of the actions taking place 
during the solidification of metals and it can be 
stated somewhat briefly as follows: When the 
solidification of a binary mixture is represented by 
an equilibrium diagram it is always implicitly 
understood that at any instant the composition of the 
liquid portion after partial solidification is every- 
where uniform. In other words, it is assumed that 
diffusion in the solvent either liquid or solid is 
instantaneous. Dr. Giolitti’s whole book is taken 
up with the detailed consideration of the conditions 
when this assumption cannot be allowed, and when 
consequently the slowness of diffusion affects 
equilibrium to an appreciable degree. It is the 
consideration of the real conditions of industrial 
practice in the solidification of mixed metals when 
viewed in the light of a theory of retarded equilibrium 
which embraces the diffusion effect. The practical 
results obtained by the application of this theory 
are of very great importance, and under the control 
of the author himself they have been utilised in 
the heat treatment of castings in the works of 
Messrs. G. Ansaldo and Co., in Italy, with gratifying 
results. 

When steel is solidifying the solid which first 
separates out at the crystalline nucleus contains 
less carbon than the solution, and as the crystallite 
grows in size the carbon content of the outer portion 
is higher than that of the centre. Diffusion tends 
to make the carbon content of the crystal uniform, 
but the action under normal conditions of fairly fast: 
cooling is too slow to keep pace with the rate of 
solidification, and the metal, when solid, consists 
of crystals which contain less carbon at the centre 
than they do at the outer portions. The average 
carbon content of each crystal does not therefore 
correspond at any instant with the solidifying 
temperature of equilibrium, and the actual con- 
ditions could be represented on the thermal diagram 
by a new line whose position relative to the equili- 
brium line would depend on the velocity of cooling. 
That is briefly the germ of Dr. Giolitti’s theory, 
and he develops the behaviour of the solidifying 
metal under a variety of conditions with much 
argumentative skill and a persuasive power of 
reasoning. 

He has, however, overlooked a fundamental 
consequence of the slowness of diffusion which 
negatives some of his conclusions, and which has 
an important bearing on the course of solidification 
in actual practice. We refer to the increased 
concentration of the solute which exists at the 
surface of separation between the solid and the 
liquid portions, and which progressively affects the 
composition of the solid and considerably lessens 
the heterogeneity which Dr. Giolitti is at such pains 
to examine in all its phases. Notwithstanding this 
we believe that the ideas set forth in this book will 
exert a very considerable influence on metallurgical 
thought concerning the solidification of metals for 
many years ahead. It supports an original thesis 
with all the force of an original mind. 

Examining a 2 per cent. nickel steel in the cast 
condition he shows that the dendritic structure can 
be destroyed only after repeated heatings in the 
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neighbourhood of 1,150 deg. C., followed by cooling 
and quenching at a lower temperature. At the same 
time the ferrite network is broken up and the usual 
association of non-metallic inclusions with this 
ferrite network no longer takes place, for they 
appear after this treatment indiscriminately with 
either the ferrite or the pearlite. The tensile 
properties are greatly improved—castings giving 
33 tons yield, 45 tons maximum stress, 28 per cent. 
elongation and 49 per cent. reduction in area are 
quoted in these pages as produced by these high- 
temperature treatments. Such results are suffi- 
ciently striking, and whether Dr. Giolitti’s theory 
be completely satisfactory or not they are proof 
that improvements in everyday technique can be 
readily found when the right man looks for them. 
The time is approaching when the demand for steel 
castings of a much higher strength and toughness 
will necessitate the use of special alloy material, 
and the importance of this contribution to our 
knowledge of the cast state will assist in the solution 
of the problem. 

The general appearance of the book is excellent, 
but the style is often involved and lacking in clear- 
ness, which makes reading not a little difficult, while 
errors in the diagrams do not assist rapid assimi- 
lation. Such defects, however, cannot alter the 
fact that it is a book of the highest importance. 





Drawing Room Practice. By Frank A. STantey. First 
Edition. New York and London: McGraw-Hill Book 
Company, Inc. [Price 15s. net.] 

THE man who aspires adequately to instruct the 

engineers’ draughtsman of the present day sets 

himself a big task that is not easy of accomplish- 
ment. His difficulty lies in writing both for the 
neophyte and the man of experience. The latter 
can derive little help from any single book. He 
has already mastered the elements of his pro- 
fession, and wider knowledge must be acquired in 
the broader field of design, which underlies and 
embraces all mechanical construction, and in some 

one section of which he has usually become a 

specialist. To such a man, the technique of a 

drawing, however intricate it may appear, and 

crowded with details, is never difficult to read and 
understand, provided it is complete and free from 
error. Such a drawing needs no explanatory 
description beyond a statement of the reasons for 
adopting the design given. Some drawings require 
explanation because they have not been completed. 
Some views have not been included, or some lines 
have not been projected, which if put in, would 
have rendered details in other views obvious. This 
does not cause error in shops where the same work 
is being often repeated, in which case an entire 
standard detail is often designated by a reference 
number only. Then there are the conventional 
views which do not lead to error. It is never 
necessary to draw the teeth of gear wheels, or the 
threads of screws, which can be stated in writing. 
Nor need a long string of equal dimensions be 
repeated, nor the circles for a number of bolts or of 
rivets, for which centres alone are necessary. 
Further, the preparation of drawings enlists the 
services of men whose abilities differ as widely as 
do those of the highly-skilled craftsmen, and the 
machine minders in the shops. The leading 
draughtsmen design and scheme, but do little 
drawing beyond the preparation of the general 
outlines, from which details are worked out by 
others—men of ability who are competent to work 
out stresses, strains and dimensions. Another set 
of men will be given the task to make neat drawings 
from these data. Then the question arises of 
drawings for the shops, made to a suitable scale, 
or to full-size when desirable, the dimensioning 
and the tabulation of parts for reference, all very 
mechanical, and finally the preparation of tracings 
for blue or white prints. Apparently, therefore, 
the only useful single book which can be helpful 
to the draughtsman must be written from the point 
of view of the youthful student who has everything 
to learn. There are several such, very academic 
in character, produced by school teachers instead 
of emanating from the office. They fill a useful 
place, but they do not go far enough. Another 
class of book is that in which the mathematics of 
design go hand in hand with the details of drawings. 
Mr. Stanley’s book differs from each of these. 





It is of an elementary character, yet it is marked 
by originality of treatment. It also includes 
essential aspects of present-day practice relating to 
tools, fixtures, jigs and limits. 

In the first chapter, which treats of drawing 
instruments, directions are given, with diagrams, 
for the employment of triangles (set squares) in 
conjunction with the tee-square for producing 
rectangular and other figures, and of useful com- 
binations obtained with triangles having different 
angles to the hypoteneuse. The applications of 
French curves, the delineation of circles, followed 
by some elementary geometrical problems that 
have frequent utilities follow. The meaning of the 
various lines used on drawings is explained—full, 
dotted, chain, centre, dimension lines, and methods 
of lettering. The fundamental subject of ortho- 
graphic projection is treated with reasonable 
fulness in Chapter LI, and its practical applications 
in Chapter III. Here, and throughout the book, 
the author introduces photographs of the articles 
drawn in order to help the student to grasp more 
readily the relation between a piece of work as seen 
by the eye, and its drawings made for use in the 
shops. The views are dimensioned, being taken 
from shop drawings. Sheets of articles drawn in 
perspective and shaded, are given, and the student 
is asked to prepare plans and elevations from these. 
The next chapter deals with the developments of 
surfaces of bodies of various shapes, and with 
intersections, these being forms that concern sheet 
metal workers, and boiler makers. Chapter V—the 
helix and its applications shows projections of the 
threads of screws and worms, and the spiral teeth 
of milling cutters, and taper reamers. Chapter VI 
continues the subject in its applications to standard 
screw threads, bolts and nuts. The methods of 
showing a number of typical detail parts with their 
relative positions, and shadings, occupy Chapter 
VII. Assembly drawings are treated next, with 
conventional methods of shading. 

Chapter IX gives a good selection of working 
drawings, dimensioned fully, in which the principles 
of projection are well illustrated. Many are supple- 
mented with photographs of the same pieces. 
A selection of photographs is included from which 
working drawings can be prepared by the student. 
In Chapter X the subject is continued. Chapter XI 
is occupied with drawings of tools, cutters, jigs and 
fixtures. Chapter XII treats of limit dimensions, 
with the correct methods of inserting them on 
drawings. Isometric drawings, and the making 
of shop sketches, with an index, complete this 
volume of 253 pages, which is lavishly illustrated 
with 487 figures. It is, we think, the best yet 
produced on the subject of which it treats. 





Lehrbuch der Hissnhiitten Kunde. By Professor Bern- 


HARD Osann. Vol. II. Erzeu und Eigenschaften 
des Schmiedbares Eisens. Leipzig: Wilhelm Engel- 
mann. [Price 175 marks plus 100 per cent.] 


Some of our mining engineers may still retain 
pleasant memories of their studies at the old mining 
academies of Freiberg, in the Erzgebirge (founded 
1765), and of Clauskal, in the Harz (founded 1775), 
where so much was to be learnt in the lecture room 
as well as in the varied and extensive mines and 
works—though the mine productions had long passed 
their zenith—and where so much research work was 
done. Dr. Osann is professor at the Mining Academy 
of Clausthal; the mines and metallurgical works 
of the district are State property. Many of the 
solutions of practical metallurgical problems and 
of the typical diagrams which Professor Osann 
gives in this volume will be familiar to the senior 
students who attended his well-known metallurgical 
academy. In certain respects the direct conveni- 
ence of the students and of himself has perhaps been 
studied more than desirable. Throughout the 
volume references, even to articles appearing in 
American, English and other foreign papers, are pre- 
dominantly given to the columns of Stahl und Eisen. 

The first volume—out of print, we understand— 
of Professor Osann’s ‘‘ Treatise of the Metallurgy of 
Iron” was published just before the war; but the 
exact title of that first volume is nowhere mentioned 
in this second volume, though the reader is referred, 
to its preface. The volume before us is devoted to 
the ‘Production and Properties of Malleable 
Iron.” After an introductory chapter the author 





deals with the Production of Weld Iron, direct 
from the ore, by the Rennverfahren, the old Catalan 
forge and other primitive smith forge processes, 
the spongy iron process, the Chenot, Eames, Siemens 
precipitation and other processes—all this very 
briefly in instructive notes. As regards the re- 
actions in these and the more modern re-melting 
and puddling furnaces, Professor Osann holds that 
the carbon is never oxidised directly, and always 
by the intermediation of some iron oxide. In his 
third chapter he passes to the Production of Mild 
Steel in the Converter. Chapter IV discusses 
the Siemens Martin process, Chapter V various 
Refining Processes, Chapter VI the Prepara- 
tion of the Metal for the Forge and Rolls, and 
Chapter VII finally the Structure, Properties and 
Diseases of Malleable Iron. These are the main 
divisions of the volume of 800 pages, illustrated by 
651 text figures and 10 plates. 

Professor Osann writes for the technical student 
who intends to go into iton works, and for the practi- 
cal metallurgist. He has little to say, therefore, on 
theoretical metallography, but a good deal on 
cementation, hardening, and ‘“‘ diseases’’ of iron. 
Foundry practice and methods of techn‘cal analysis 
he leaves to special treatises. As to blast-drying 
he expresses no decided opinion, not having any 
personal experience ; he is doubtful also as to the 
utility of formulae like that of Jiiptner concerning 
the relations between chemical composition and 
strength. The volume, as a whole, is well brought 
up to date, and the conciseness and exceptional 
range and value of the information given fully 
entitle the book to commendation. 
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PETROLEUM IN ARGENTINA.—The London and River 
Plate Bank, Limited, states that the Minister of Agri- 
culture recently sent to Congress the annual ae 
covering operations at Comodoro Rivadavia and Plaza 
Huincul for the year 1920, from which it would appear 
that the production of petroleum from the fiscal wells 
was 20 per cent. greater than in 1919, totalling some 
226,540 metric tons, as compared with 129,000 tons for 
the year 1916. The Minister states that the quality of 
the liouid is improving. The Government is so satisfied 
with the result of the production of petroleum at Plaza 
Huincul that it has granted a bonus of one month's 
salary to all engaged there. Near San Pedro de Jujuy 
bori operations will shortly be commenced. In 
anticipation of the wet season, the materials, pumps, 
pipes, &c., have been delivered to the selec spot, 
and it is expected that the mineral will be found at a 
depth of 700 m. The geological surveys of the district 
over a number of years indicate the exist of rich 
deposits of good quality petroleum, 
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IRON MINING IN LUOSSAVAARA. 


Wuitst the rich iron ore deposits at Kirunavaara, 
in the extreme north of Sweden, are calculated to have 
a capacity of 1,200,000,000 tons, of which rather more 
than 30,000,000 tons have been worked over a number 
of years, the Luossavaara was only taken in hand 
in the spring of 1921. 

In the year 1907 the State secured the right of 
working Luossavaara, but in the course of 1918 an 
arrangement was m between the Swedish State 
and the Gringesberg-Oxelésund Trafik Aktiebolag, 
whereby the latter concern and the Norrbotten Iron- 
works Company secured the exclusive right of exploiting 
these deposits during the years 1919 to 1930, subject 
to a payment to the Swedish State and certain regula- 
tions as to working, both as regards quantity of ore 
broken, the limit of quantity for export and the quantity 
set aside for home consumption. 

The Luossavaara ore mountain is only some 2} miles 
distant from Kirunavaara, and the occurrence of iron 
ore was discovered at the same time (about 1736). 
The mountain rises to a height of 229 m. above the 
level of the neighbouring lake of Luossajarvi, whose 
level again is 730 m. above sea level. 

Geologically, Luossavaara is very much like 
Kirunavaara, but the ore, on the whole, contains less 
phosphorus than that from the latter place. As 
the ore from the former locality has not been worked 
to any extent, its quality is only known from a large 
number of tests, which show an iron content of 65 per 
cent. to 70 per cent., with phosphorus from 0-004 
per cent. to 4-2 per cent. 

The exposed portion of the deposits has an area 
of about 25,000 sq. m., and the quantity of ore above 
the level of Lake Luossajirvi is calculated at 22,500,000 
tons, besides what may be found in portions of the 
deposits which have been only partly investigated or 
not at all. Diamond borings on the Kirunavaara side, 
close to Luossajiirvi, have shown that there was still 
iron ore at a depth of 300 m. below sea level; the 
borings did not get beyond the ore, and it is surmised 
that the extent of the ore as far as area goes increases 
with depth. 

The installations for working comprise a State 
railway line from Luossavarra to the Kiruna ore-railway 
station. A separate power station has been erected, 
obtaining current from the Kirunavaara power station, 
the current being transformed from alternating to 
continuous. There is an air compressor for boring 
purposes. A goods and passenger line has been con- 
structed to the top of the mountain and a chute for 
lowering the ore to a four-chambered ore pocket, from 
where the ore passes straight to the State Railway 
wagons. 





THE WICKMAN ADJUSTABLE LIMIT 
GAUGE FOR TAPS. 

Tue machining of plain holes and shafts to definite 
limits of accuracy is to-day a regular operation in most 
engineering works, and is part of the modern system 
of manufacture by which high-quality interchangeable 
work can be produced on a commercial basis. In the 
operation of this system the limit gauge is an essential 
factor; by its use, as is now widely appreciated, 
components are machine-finished to limits which 
ensure correct assembly, hand work being practically 
eliminated. The so-called fitter acts purely as an 
erector or assembler. 

There are many excellent limit gauges on the market, 
by the use of which plain shafts and holes can be 
efficiently controlled, but the need is not sufficiently 
recognised for similar facilities in the production of 
interchangeable threaded work. It is not yet generally 
realised that the method commonly employed of 
judging the fit of a screw in a threaded hole by its feel 
or amount of shake is fundamentally wrong. A screw 
or other threaded part must fill two main requirements. 
First, it must assemble or, in other words, enter the 
threaded hole in which it is intended to fit; therefore, 
none of its elements must be too large. Secondly, 
it must have a predetermined mechanical strength ; 
therefore the effective diameter—the true measure of 
the size of a screw—must not be below a certain limit. 
The ring gauge in which the fit of a screw is judged 
only by the amount of shake, is not a reliable limit 
gauge since it will pass a screw which may be of bad 
form and low mechanical strength. Such a screw may 
bear only on the major diameter (which is relatively 
unimportant), and will be apparently a good fit in the 
ring gauge, although its effective diameter is too small. 
On the other hand, a screw which is correct in form may 
show a certain amount of shake in the ring gauge, 
but still be a great deal stronger than a screw of bad 
form showing no shake. This point will be clear from 
Fig. 1, in which the shaded part indicates the gauge, 
B a well-shaped thread and A a thread of bad form. 
To obtain interchangeable threaded work a limit- 
gauge system is required which will ensure not only 
assemblage but also pre-determined mechanical 


strength.in both the screw and the threaded hole in 
which it fits. 

No commercial system of checking this has come to 
our notice having the advantages of that employing the 
Wickman adjustable thread caliper gauge, which 
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case of plain work. It is probable that at least 90 per 
cent. of all threaded holes are tapped so that a satis- 
factory limit gauge for controlling taps is an essential 
factor in the production of interchangeable threaded 
work. Hitherto there have been no gauging appliances 
which could be used economically for tap inspection. 
The projector, the screw diameter measuring machine 
and the pitch measuring machine are slow, and the 
readings which they give must be finally classified 
by a skilled man. This will be realised by those who 
have endeavoured to obtain a true indication of the 
size of a screw from the various readings of effective, 
major and core diameters, graph of pitch error (making 
allowance for the effect of pitch error on effective 
diameter reading) and form of thread. 
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enables screws and externally-threaded parts to be 
controlled within any desired limits of accuracy in 
pitch, effective diameter, and incidentally the major 
and core diameters, which take care of themselves pro- 
vided a suitable limit is placed on the effective diameter. 
This gauge, it will be remembered, was described in 
vol. cx of ENGINEERING (page 551), at the time of its 
introduction. 

If the threaded hole can be similarly controlled, 
screws of any predetermined quality and fit can be 
produced, which will assemble correctly just as in the 
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The following figures taken from the actual readings 
| for a four-fluted tap will give some indication of the 
|length of the operation required in determining the 
| accuracy of a tap :— 





























} 
Major Diameter. | Effective Diameter. Core Diameter. 
First Second First Second First Second 
Pair of Pair of Pair of | Pair of Pair of Pair of 
Flutes. Flutes. Flutes. Flutes. Flutes. Flutes. 
+0-008 | +0-0075 | +0-001 +0-002 }4+0-006 | +0-0055 
| +0-0085 |+0-009 |+0-0015 |+0-0018 | +0-005 +0-0058 
+0-009 |+0-0085 | +0-0023 | +0-0025 | +0-007 +0-0075 
+0-008 |+0-010 |+0-003 |+0-0027 |+0-0073 | +0-007 
+0-0095 |+0-009 | +0-0027 |+0-0029 | +0-0075 | +0-008 
+0-007 +0-0095 |+0-0025 | +0-0023 | +0-008 +0-0078 
Angle 59° 30’ 


It will be noted that six readings only were taken 
on each pair of flutes. The major, core and effective 
diameters were measured on a screw diameter measuring 
machine. The first was a simple micrometric test ; 
the second necessitated the use of needles and the 
consequent calculations involving their diameters ; 
the third required special anvils to bed down into the 
radius at the root of the thread. A second instrument 
—a microscopic measuring machine—was brought 
into use to measure the angle, and the form of thread 
was obtained by projection. Pitch error was checked 
on a pitch-measuring machine and the results from this 





test plotted on square paper. After this lengthy pro- 
cess, the actual errors in the various elements of the 
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thread on the tap were obtained. The entire test | but for convenience we reproduce herewith from our | 


occupied about half an hour of a skilled man’s time, | former article Figs. 4 and 5, showing the features of this 
the cost, of course, being prohibitive for checking any| instrument. Fig. 4 shows the gauge in which are 
considerable number of taps. mounted two pairs of anvils. One such anvil is shown 

In place of this it would be obviously advantageous | below, and the method in which these parts are held 
to have some form of limit gauge by which every tapi and locked in place is shown in Fig. 5. The anvil is 
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used could be quickly inspected, and which would 
reject all those in which any element was either above 
or below some predetermined limit. To meet this 
demand the Wickman adjustable tap gauge has been 
developed from the instrument previously referred to. 
This consists of two limit gauges shown in Figs. 2 and 3, 
on page 100 ; the first, Fig. 2, is a “‘ go”’ and “ not go”’ 
gauge, and controls the pitch and effective diameters ; 
the second, is a “ not go”’ gauge only, and ensures that 
neither the major nor core diameter of the tap is too 
small. Each gauge in essentials is similar to the 
adjustable thread snap gauge previously described, 





fitted with a shank which is inserted in a hole in the 
gauge body. The outer end of this hole is threaded 
to take a screwed ferrule. Between this ferrule and 
the shank end, is inserted a hardened steel ball. A 
screw is inserted through the ferrule and ball, into a 
threaded hole in the shank. The main adjustment is 
obtained by altering the position of the screwed ferrule 
in the body. Final infinitesimal adjustments to correct 
limits are secured by means of the screw, the head of 
which screws down on to a shoulder in the body, 
with the result that the steel ball is slightly compressed. 
Fig. 4 shows the plug spanner or key used in adjusting 





10! 


the screwed ferrule. The anvils are locked and sealed 
after adjustment as previously described. The gauges 
are manufactured by the Coventry Gauge and’ Tool 
Company, Limited, under agreement from Messrs. 
Alfred Herbert, Limited, who are the sole ‘licensees 
and distributors. 
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In the operation of tap testing the gauges are used 
as follows :—The outside or “ go” anvils of the first 
gauge, Fig. 2, which are of full form, are set to the 
maximum major, effective and core diameters. No 
element of a tap which passes through these anvils can 
be too large. This point will be clear from Figs. 6 and 
10, the latter showing a four-fluted tap in position 
between the anvils, while the former shows the clearance 
between the tap and gauge. 

The inside, or “ not go” anvils of the gauge in Fig. 2 
check the effective diameter only, but the combined 
tests on this first gauge also check the pitch. The 
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effective diameter of a screw is increased by approxi- 
mately twice the amount of pitch error; if, therefore, 
the pitch error of a tap exceeds the limit allowed, 
the effective diameter would have to be correspondingly 
reduced or the tap would not pass the outside or 
“go” anvils; if, however, the effective diameter were 
reduced below the permissible limit, the tap would 
pass through the inside or “ not go” anvils and would 
be consequently rejected. The action of the “ not 
go” anvils is shown in Figs. 7 and 11. It will be 
noticed that the threads of the anvils are cleared away 
at the crest and root, so.that they check only the 
effective diameter of the tap. 

In the second gauge the outside anvils, which are 
“not go,” are set to the minimum major diameter 
of the tapped hole and ensure that the major diameter 
of the tap shall not be below the limit. The anvils in 
this case are plain, and are in contact only with the 
crest of the threads. Figs. 8 and 12 show this. The 
inside anvils, also “ not go,” are set to the minimum 
core diameter of the tapped hole. The threads, as 
shown in Figs. 9 and 13, are in this case of a profile 
which bears only on the core diameter of the tap and 
therefore ensure that this element is not below the limit. 

It will be obvious that every tap which passes this 
inspection has undergone a searching test and that no 
element has escaped observation ; further that the test 
is made very rapidly (actually in from 30 seconds to 
40 seconds), and can be efficiently carried out by any- 
one with ordinary intelligence. By the use of this 
gauge both makers and users can test their taps at 
a reasonable cost, and no inaccurate tap need find its 
way into the shop. Wear on the anvils is practically 
negligible, but should this take place after long use 
the faces can be ground back slightly, and when re- 
adjusted the gauge is again ready for use. 

The limits of accuracy to which the taps should 
be controlled are matters for determination; they 
will be greater than those allowed on plain work, as it 
is not possible to produce tapped holes with the same 
degree of accuracy as reamed or ground holes. Once 
a satisfactory limit has been decided upon, no trouble 
need be experienced from tapped holes which are outside 
this limit, as now frequently occurs. Nothing will be 
gained by attempting to work to limits finer than those 
which will give interchangeable threaded work of the 
class required. The manufacture of accurate taps 
should be greatly assisted by this simple and effective 
method of inspection. 





THE ELECTRIFICATION OF ENGLISH 
MAIN LINE RAILWAYS. 

Aw important meeting for the discussion of the above 
subject was held in the City Council Chamber, Birming- 
ham, on the 20th inst. The meeting was held jointly by 
the Midland Branch of the Institution of Mechanical 
Engineers, the Birmingham and District Association of 
the Institution of Civil Engineers, and the South Midland 
Centre of the Institution of Electrical Engineers. 

Sir Henry Fowler, who was in the chair, said at no 
time could a discussion on this subject be more oppor- 
tune. Everywhere inquiries were being held as to 
future arrangements for the supply of electric current, 
and any inquiry into what demands were likely to be 
made for transport purposes was useful. They could 
hardly settle the question that evening, but they might 
show how matters were moving. They were concerned 
with main lines, and if they neglected questions of cost, 
electrical and mechanical difficulties were few. Sir 
Henry then referred to the experiments made by Mr. 
A. W. Gibbs on the Pennsylvania Railroad in 1907 to 
determine the effect of steam and electric locomotives on 
the road itself, by measuring the indentations made by 
hard steel balls on a steel strip. We dealt with these 
experiments in our issue of December 9 last, and need 
not now re-describe them. Sir Henry went on to say 
that in the electrification of main lines having a low 
density of traffic the first cost was a very serious considera- 
tion. Allowing that electrification was desirable with 
dense traffic, we wanted to know how dense it must be 
to make it pay. A still larger question was the cost of 
the change under present financial conditions. 

Mr. H. M. Gresley, Chief Mechanical Engineer, 
Great Northern Railway, said the electrification of rail- 
ways had been strongly urged as a means of enabling 
railways to pay their way and reduce their working 
expenses. nquestionably the electrification of sub- 
service and suburban railways carrying a dense passenger 
traffic had achieved successful ee while on a mineral 
section of the North Eastern F ailway good results had 
been obtained. He suggested, however, that the prob- 
lem of main line electrification was a totally different and 
much more difficult matter. It could not be ur, that 
the main lines were congested. As a matter of fact, the 
train passenger mileage, which was evidence of the 
amount of traffic that was being run, on the principal 
railways was only about 70 per cent. or 75 per cent. of 
what it was in 1913, while the goods mileage was 80 per 
cent. to 85 per cent. A much greater tonnage could 
therefore be carried with the existing equipment without 
any necessity for doubling the lines. In those circum- 
stances it would not ap that a huge expenditure in 
the electrification of the railways would give a com- 
mensurate return, after paying interest on the outlay. 
On the other hand, if the trade of the country improved 
to such an extent as to necessitate the doubling of the 
main lines and the provision of more locomotives, then 


the question of electrification would require very serious 
consideration. 

During the past year several papers had been read on 
this subject, but, in his opinion, it was to be regretted 
that in some cases authors had been carried away by their 
enthusiasm into making comparisons between the best 
results that could be expectgd from electrification and the 
average results at present Being obtained by steam trac- 
tion, which included the results derived from engines in 
service upwards of 20 years or 30 years. This did not, of 
course, give a fair comparison with the most modern 
engines, while the comparisons referred principally to the 
cost of fuel and repairs, little mention being made of the 
cost of electrical equipment of the lines with sub-stations, 
third rail, or overhead transmission. No mention was 
made, either, of the extra cost of maintenance involved 
due to third rails or overhead wires, and, in the former 
case, the extra cost of maintenance of the running track 
due to the presence of the third rail. In making com- 
parisons, the most modern steam locomotives should be 
compared with the most modern electric locomotives. 
Further, some of those gentlemen in America who had 
drawn these comparisons had made them between 
average steam locomotives and an electric locomotive 
which was still on the drawing-board and had never 
been made. 

The provision of third rails or overhead transmission 
lines was an important feature in connection with this 
subject, and he hoped Mr. Bengough would be able to 
give them some idea as to the cost of providing the neces- 
sary transmission of power. It was stated recently that 
the cost of electrifying a railway was something like 
£20,000 per mile, including the provision of a third rail, 
sub-stations, power station, and also the electric loco- 
motives. This figure was for a very dense traffic. The costs 
were based on prices of some 12 years or 15 years ago, 
and it was probable they were double to-day. But 
for the moment they might take them at the figures at 
which they stood—£20,000 per mile. The previous 
week it was stated by an eminent authority on electrifica- 
tion, in connection with the case which was being heard 
in Scotland, where the Scottish railway companies were 
seeking to alter the working conditions of railwaymen, 
that the weekly receipts per mile on English railways 
was £106. It did not require much arithmetical calcula- 
tion to arrive from this at yearly receipts of about £5,000 
per mile. If it was going to cost £20,000 to electrify a 
mile of English railway, the interest at 5 per cent. per 
annum was £1,000 — The receipts per mile to-day 
—he was taking the whole of the railways, and he was not 
referring to suburban lines—the receipts to-day per 
annum were stated to be about £5,000 per mile; and if 
£1,000, or 20 per cent. of the earnings was to be absorbed 
in paying interest on the capital expenditure on electrifi- 
cation, it seemed to him to be somewhat difficult to make 
out a strong case, 

Mr. W. Willox, formerly Chief Engineer of the Metro- 
politan Railway, said that —- suburban railways 
were being electrified at a considerable cost (mostly owing 
to each railway having to provide its own power station), 
and were successful. The Metropolitan Railway in 1913 
carried nearly 122 million passengers ; in 1919, 182 millions, 
The Lancashire and Yorkshire trebled their traffic. 
Sir W. Forbes, of the London, Brighton and South Coast 
Railway, stated quite recently that his electrified lines 
brought 150 per cent. more traffic and 200 per cent. more 
money, and showed on the capital expended a return of 
over 15 per cent. Now he wanted to electrify the main 
line to the coast towns. The East London Railway was 
electrified without interfering with the traffic. Up to 
1913 it was worked by steam and carried 5,506,664 
passengers ; after this the number of passengers steadily 
increased, and in 1920 the number was 16,307,382, an 
increase of 184 per cent. The London and South- 
Western electrification increased their passenger traffic 
by 100 per cent. In 1915 the North Eastern Railwa: 
equip their Shildon-Newport line, which, wit 
sidings, was 50 miles long, with overhead electrical track 
equipment. This line dealt with heavy mineral traffic 
drawn by powerful electric locomotives, five of which 
did the work of 13 steam locomotives. 

Owing to the continuous increase of traffic into terminal 
stations, the question of accommodation arose. This 
might be solved by costly extension of the terminus or 
by electrification. The Metropolitan Railway hauled 
its main-line steam trains from 7 or 9 miles out by 
electric locomotives, and the same thing would have to 
precede main line electrification in many cases. When 
the Electricity Commissioners had decided on the 
position of the large power stations, the railways that 
decide on main line and suburban electrification would 
be saved the cost of providing power for themselves. 
The cost of electrification on such railways as the Metro- 
politan, including power house and everything, was 


‘somewhere about 20,0001. a mile, anata The cost 


of electrifying the East London Railway, which got 
current from Lots-road, was about 5,400/. per mile, 
pre-war. This included one new sub-station, conductor 
rails and improvements to permanent way. There was 
no engineering difficulty in electrifying existing steam 
railways, even when the traffic was dense, with either 
the contact rail system or overhead track equipment. 
No cases were known on the Metropolitan Railway where 
men had been killed or injured when ordinary care was 
taken. The cost of ordinary maintenance of a rail 
contact line was found to be 12-641. per mile per annum. 
There were over 600 trains a day in and out of the 
main line of Baker-street Station. The old station 
was pulled down and every line in the station was 
altered in position. A new station and new offices were 
built on columns over the lines and platforms, and no 
serious accident happened to any man and no train was 
delayed. On the East London line electrification was 
carried out while the traffic was carried on regularly, 





and, with the added 2s, per week per man “juice” 





money, maintenance amounted to 13-ll. per mile per 
annum. As to increase of staff, only one gang of five 
tomy was added, and this was in the densest 9 miles of 
ine. 

Mr. Roger T. Smith, Chief Electrical Fngineer, Great 
Western Railway, said an electric locomotive could be 
built to haul the heaviest train of wagons which the 
draw-gear would stand. One of the most profitable 
fields for electric traction would be in hauling goods 
trains, but limitations would be imposed by the draw- 
gear. Some 700,000 wagons were owned by private 
owners, and the draw-gear was not kept to thé strength 
which the railway companies themselves maintained. 
If the draw-gear, not only of private, but railway com- 
panies’ wagons was ever strengthened, then within any 
of the 50 odd British railway structure gauges electric 
locomotives could still be built to haul the heaviest 
train which would be wanted in this country. He 
referred to trains of about 1,500 tons. For most of the 
structure gauges the heaviest steam locomotive that 
could be built had already been provided ; but even if 
the maximum size of steam locomotive had not already 
been reached on most of the railways, the heaviest loco- 
motive axle load which could be carried by bridges 
had been reached in the steam locomotive, and no 
increased power in steam locomotives could be obtained 
without invreased weight. The axle loads of electric 
locomotives were materially less, partly because there 
was no boiler, but also because they could make a!l the 
axles, if they liked, power axles. 

Although on the Continent, and to some extent in 
America, electric locomotives were used in which the 
rotary motion required by the wheels was obtained from 
the rotary motion of the electric motors through con- 
necting-rods and coupling-rods, such designs seemed 
to be unnecessary in Great Britain. Reciprocating parts 
were impossible to balance completely and expensive 
to maintain, and therefore one should avoid them and 
where the rotary motion of the wheels of an electric 
locomotive was obtained from the rotary motion of the 
electric motors through gearing, the balancing could 
be as nearly perfect as possible, and the first cost of 
the electric locomotive was a minimum. The main- 
tenance costs on the Newport and Shildon electric loco- 
motives on the North Eastern Railway were a quarter 
of those of the corresponding steam locomotives which 
preceded them, and on the Chicago, Milwaukee and St. 
Paul Railway they were one-fifth. Mr. Roger Smith 
referred to the recent paper by Sir Vincent Raven, which 
we published in our issues of the 6th and 13th inst., 
and dealt with some of the relative qualifications of 
steam and electric locomotives. We need not reproduce 
his remarks here, as they largely follow those of Sir 
Vincent. We may, however, quote his remarks in 
reference to pooling, as they were the subject of comment 
later in the discussion. He said that the pooling of 
steam locomotives in this country—that was the handing 
ever to a second crew when the first crew had finished 
their eight hours, was scarcely possible. When it was 
so used the hours that the steam locomotive was in 
service could only be increased from 8 to about 12 hours, 
while the electric locomotive could be used at least for 
20 out of the 24 hours every day, with pooling, and in 
some cases it had been used for 23 out of the 24 hours. 
The haulage results of this, and of other advantages 
which he had_ not time to mention, was that whereas 
each steam passenger locomotive could haul only from 
20,000 to 25,000 train-miles per annum, according to 
traffic conditions, an electric locomotive could handle 
40,000 to 50,000 train-miles, and that while a steam 
goods locomotive could haul from 10,000 to 15,000 
train miles per annum, also according to traffic conditions, 
an electric locomotive could easily double this record. 

On the Newport and Shildon line the electric locomo- 
tive train miles were just double the steam locomotive 
train miles, and the traffic result from these advanta 
was that the same number of train miles could be hauled 
by half, and less than half, the number of locomotives 
as were previously used for steam haulage. On the 
Norfolk and Western Railway, in the United States, 
where coal trains of over 3,000 tons were formerly hauled 
by 27 steam locomotives in one division, similar mineral 
trains were now hauled by seven electric locomotives. 
The steam locomotive was a constant output machine, 
exercising its maximum draw-bar pull between standstill 
and a very few miles per hour. After that the draw-bar 

ull decreased as the speed increased, following a@ para- 
bolle curve. Consequently, the steam locomotive could 
only go slowly up a ient, and to keep to an average 
of, say, 50 miles per hour, with gradients, the maximum 
speed must be sometimes at least 80 miles per hour and 
even more. With an electric locomotive provided with 
series characteristic, which was most advantageous 
for this performance, so long as the limiting temperature 
for the insulating materials used in the construction of 
the motor was not exceeded, and opportunity was 
giye for cooling when it was overheated, the motor could 
be overloaded for short periods, say, 50 per cent. above 
its rating, and go up gradients at double the speed of 
a steam locomotive. Consequently, in the electric 
locomotive the ratio of average speed to maximum speed 
was greater than in the steam locomotive, or, in other 
words, for the same average speed the maximum speed 
of the electric locomotive was much less than the corre- 
sponding maximum speed of the steam locomotive. 
An electric locomotive having a maximum speed of 
60 miles per hour —and whether steam or electric their 
troubles really seriously began above 60 miles per hour 
—could generally maintain an average speed 50 per 
cent. greater than the speed of the corresponding steam 
locomotive. The result of this was a cheap single-reduc- 
tion gear type of locomotive for all ordinary purposes 
of traific, while for higher speeds up to 90 miles per 
hour the single-reduction gearing could still be used, 
with the motors placed so as to get high centre of gravity, 
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above a quill round the axle, spring-connected to the 
driven wheels. 

As to the saving in cost of power by using electric 
locomotives instead of steam locomotives, careful com- 
parisons on the Chicago, Milwaukee and St. Paul Railway 
showed that 64 lb. of coal in a steam locomotive, in 1915, 
was reauired to do the same work as one kilowatt of 
electricity in an electric locomotive in 1916. Generally 
speaking, coal costs were now in this country something 
like 50 per cent. of the total works costs of kilowatts 
delivered to the track, and if the coal (including haulage, 
carriage and all the expenses of handling ashes and 
their disposal) as actually delivered to the furnaces of 
a generating station cost now 308. per ton—which would 
correspond to 20s. per ton at the pit head—this repre- 
sented 0-16d. per 1 lb., and the works cost to the rail- 
way on the above basis would be 0 -6d. per kw. delivered 
to the track. The above American experience showed 
—assuming the same — of coal—that the equivalent 
power in the steam locomotive would be ld., leaving 
0-4d. to pay for the interest on the new capital, the 
saving, amounting to nearly half the cost of the coal, 
being available for the interest on the new capital. 

Mr. J. A. Hookham, Locomotive Engineer, North 
Staffordshire Railway, said he did not understand what 
was meant by not pooling engines ; as far as his experi- 
ence went, everybody pooled engines. The men only 
worked for 8 hours, but the engine for 20 hours. He 
disagreed from the statement that one hour was allowed 
for getting the engines ready; he thought 35 minutes 
was about the average time usually allowed, and with 
regard to the axle loads, he remembered that Sir Vincent 
Raven had stated some years ago that electric loco- 
motives would involve heavier wheel loads, but did 
not know whether he had since chan; his mind. The 
advantages claimed for electric working could be placed 
under four main heads :—(1) Great reserve of power, 
giving much higher acceleration, also greater speed on 
rising gradients ; (2) convenience of dealing with trains 
at terminal stations and avoidance of necessity for 
turning engines; (3) practically no time ‘required for 
engine duties and none for taking coal and water, so 
that the same traffic could be worked with fewer engines 
and fewer men; (4) actual economy in cost (a) of 
producing the power required, and (6) in repairs and 
maintenance. The first claim was certainly correct, 
but with regard to the second it did not appear that the 
best had been attempted previously with steam. On 
the third point, a great portion of the life of a steam 
locomotive was, from a revenue-earning point of view, 
wasted, and the number of motor trains required to 
work a given traffic was considerably less than the number 
of steam locomotives. The London, Brighton and 
South Coast Railway’s South London line showed a 
reduction of 46 per cent. in number of motor trains 
compared with number of steam locomotives, and more 
frequent service. Power could be generated more cheaply 
in up-to-date power stations than in locomotive furnaces, 
the availability of inferior fuel and the more perfect com- 
bustion making for economy. The following figures 
were given at a meeting of the Institute of Locomotive 
Engineers :—2 lb. of coal in power station to produce 
1 B.O.T. unit; efficiency of transmission of power to 
draw-bar, 62 per cent., giving 3-2 Ib. of coal per B.O.T. 
unit, or 2-4 lb. per horse-power-hour at draw-bar. 
For the ordinary steam locomotive the figure varies 
— 4 lb. to 8 lb. per horse-power-hour at draw- 

ar, 

The steam locomotive required constant inspection, 
and many small repairs had to be done in the running 
shed and shop repair every 20,000 to 100,000 miles, 
according to class. It was claimed that the electric 
locomotive required very little inspection and few light 
repairs, but the first cost was greater and life guebally 
less than that of a steam locomotive, for which 30 years 
was quite a reasonable average. Again, adding the 
cost of repairs to the machinery at power stations and 
sub-stations, and the maintenance of the conductors, it 
was, to say the least, doubtful whether experience would 
show any saving on the maintenance side. The higher 
acceleration obtained with electric locomotives was of 
very small value on long runs, though all-important 
where the stops are frequent, but the great reserve of 
power and the capacity of a motor to work at a consider- 
able overload for some time enables a greater speed to 
be attained on an up grade than with the steam loco- 
motive, and thus increase the average s The 
saving of time spent in engine duties must undoubtedly 
be a great gain on any system, and as neither coal stages 
nor water supply along the line would be required, 
there would be a considerable saving in labour and 
maintenance. An objection raised against electrification 
was that a whole section might be thrown out of use and 
the traffic stopped, but this has not proved a very real 
difficulty in practice. 

One advantage of electrification was the possibility 
of using regenerative braking, giving a saving in power 
and brake blocks, which would vary in importance 
according to the contour of the line. The cost of brake 
blocks on a@ certain railway equalled 2} per cent. of the 
fuel bill—pre-war, 4 per cent. to 5 per cent.—part of 
this would be saved. To sum up, as compared with the 
present-day locomotive the position.appeared to be that 
on main lines, where the traffic was dense, and where— 
failing an increase in the speed to enable the line to carry 
more traffic—widening or doubling would probably have 
to be resorted to, electrification would be justified by 
the increase in speed it provided. That the advantages 
of the elimination of turntables, coaling stages and 
water troughs and columns, and the longer time an 
electric locomotive can keep at work without attention, 
are all of them points in its favour; but without the 
condition of such a considerable density of traffic as 
would justify the n capital outlay, it was ques- 
tionable whether these advantages were sufficient to 





counterbalance the heavy initial expense of electrifica- 
tion. 

Mr. C. F. Bengough, Chief Engineer, North Eastern 
Railway, referred to Sir Vincent Raven’s paper and 
quoted some of its points in favour of the electric loco- 
motive. He then proceeded to the question of track 
equipment, pointing out that in the electrification of a 
main line the aim would be to work all traffic, both pas- 
senger and goods, electrically, and it would therefore be 
n to electrify certain portions of the sidings of 
all stations and goods yards. In the case of a line 
electrified on the third-rail system, in order to make the 
sidings safe for shunters to work, the third rail would 
have to be very fully protected, and would form a very 
serious obstruction, and overhead equipment would 
appear to be the only practical form where shunti 
had to be carried on. The disadvan of the thi 
rail were increased difficulty of maintaining the track, 
the third rail forming an obstruction to the packing of 
the sleepers. Danger would be emphasised in the 
case of a high pressure, such as 1,500 volts. In the case 
of derailment occurring on the third rail side, a com- 
paratively slight displacement of a vehicle would wreck 
the third rail. At level crossings or at junctions it was 
not possible to get a continuous rail, and here it would 
be n to erect a short length of overhead equip- 
ment, or provide some other means of moving the train 
in the case of an engine which happened to be stopped 
on a gap. The main advantage of the third rail was 
its accessibility. Repairs could be carried out without 
the use of a special tower wagon. On the other hand, to 
carry out any repairs to the third rail the current must 
be cut off. Overhead equipment was an obstruction 
to the working of breakdown cranes in the case of an 
accident, and heavy gales caused the contact wire to 
be blown off the engine bows. But the maintenance of 
the track was not interfered with, and could be carried 
out by the platelayers without any risk of accident. In 
the case of derailment a considerable displacement of a 
vehicle must take place before it would foul the supports 
of the overhead equipment. 

In the electrification of the portion of the North 
Eastern main line, which was under consideration, it was 
proposed to employ a pressure of 1,500 volts. In the 
choice of a contact system three forms of third rail 
were available. The top contact, such as was used in 
the Tyneside area and on most of the third-rail systems 
in this country; Mr. Aspinall’s side contact, used on 
the Lancashire and Yorkshire between Manchester and 
Bury ; and the under contact, which has not been used 
in this country, but was in use on the New York Central 
and on the Central Argentine, with which the most 
complete form of protection could be obtained. With 
the under-contact system there was some difficulty in 
providing the necessary clearances between the top of 
the protection and the underside of the load gauge, 
and between the underside of the collecting shoe on the 
engine and the running rails. With an under-contact 
rail it did not appear to be possible to get a greater 
clearance than 1} in. between the top of third-rail pro- 
tection and the underside of the load gauge, and between 
the running rail and the underside of the contact shoe, 
and this might be reduced by wear of the running rail, 
wheel tyre or journal brasses, or sinking of the chair 
into the sleepers. The sum of these wears might easily 
amount to an inch, and the normal clearance of 1} in. 
be reduced to } in. 

The balance of advantage was with overhead equip- 
ment. On the Shildon-Newport line the gantries for 
carrying the overhead wires were composed of steel 
sections, the normal distance between the supports 
being 109 yards (100 metres). This span, on some of the 
exposed parts of the line, had been found to be too 
long, and difficulty has been experienced in heavy gales 
owing to the contact wire having been blown off the 
collecting bows of the engines and getting underneath 
the horns of the bows, and in many cases wrecki 
them, and it has been necessary over considerable lengths 
of the line to install intermediate supports. There were 
five wires for each track, viz., catenary, auxiliary, two 
contact wires and one feed wire. A cheap and efficient 
form of equipment for long stretches of track in the 
country, where it is only necessary to span two lines, 
was with supports formed of telegraph poles connected 
by a beam, formed of channel sections, for carrying the 
wires. Telegraph poles were, of course, | ly used 
for this purpose in the States and on the Heysham- 
Lancaster line of the Midland Railway. The attachment 
of the wires to the beams could be very simply made, 
so that in case of their forming an obstruction to a break- 
down crane they could be slid to one side up to the 
supports, so as to clear the track. A = of 65 yards 
in exposed positions would probably satisfactory, 
and in deep cuttings where there was natural protection 
this might be increased. Part of the Shildon-Newport 
line was equipped with only one contact wire, and 
experience had suggested that this is all that is necessary. 
There also seemed to be no reason why the catenary 
should not be used as a feed wire, thus reducing the 
number of wires to two—a bronze catenary wire and the 
contact wire. With this type of construction a line 
could be quite as cheaply equip as with third rail, 
and the maintenance costs would show a considerable 
balance in favour of the overhead. 

Mr. F. W. Carter said methods of working which had 
grown up around the steam locomotive were subject to 
the limitations imposed by it, and electrical operation 
would conform to its limitations also. Estimates of 

rformance and expense based on steam traffic should 
improve with meth suitable to the new motive power, 

estimates based on conditions unfavourable to change 
might be upset by experience of new conditions, Pre- 
limi calculations of the energy required to work heavy 
mineral traffic on an incline on a certain railway, based 
on the experience of the locomotive engineer, was much 





higher than those which the ba eae! had considered 
conservative. The engineer had multiplied the com- 
puted mean power of the electric train, which was in- 
tended to run much faster, by the time actually ox 

by steam, thus in effect making the train run a con- 
siderably greater distance. 

Dr. F. C. Lea said the steam locomotive could not be 
increased in height or width, nor the boiler or cylinders 
made larger, while its weight and axle loads were limited 
by the cross girders of the bridges. Sixty per cent. of 
the weight of engine and tender was concentrated on 
a rigid wheelbase of about 15 ft., with a load of about 
20 tons per axle. The weight of an electric locomotive, 
having the same tractive force, could be distributed 
over more axles, no bogie need exceed 8 ft. 6 in. long, 
and the “equivalent load per foot run,” which deter- 
mined the bending moment on the cross girders, could 
be less. Seventy-five per cent. of the weight of the 
electric locomotive could be on the driving axles, but 
only 60 per cent. of the weight of the steam locomotive 
and tender. Portions of the weights of the reciprocating 
masses of the steam locomotive could not be balanced in 
a vertical direction, and at high speeds set up additional 
stresses in cross girders. There need not be any recipro- 
cating masses in electric locomotives. The steam loco- 
motive has reached the limit of its power without heavy 
expenditure on the bridges, but electric locomotives 
could provide higher tractive force and handle heavier 
trains at better mean over existing structures. 
The maintenance of steel structures would be diminished, 
the comfort of the public in stations and tunnels increased, 
and loss of crops by fire would be unknown if the electric 
locomotive were employed. Against the heavy capital 
expenditure necessary for conversion to electric traction, 
there would be many assets besides those arising from 
economy in fuel and w 4 

Dr. Gisbert Kapp said the point made by Dr. Lea was 
illustrated by the experience of alternating-current 
electrical equipment dt main line railways. It was 
essential that three-phase locomotives should be allowed. 
Such engines could be built to weigh only 60 tons and 
develop 2,000 horse-power. No steam locomotive could 
come anywhere near them. A line had been at work 
successfully abroad for 20 years, and a similar system 
had been adapted by the Italian Government for the 
Mont Cenis line. It was significant that this system 
enabled a very great density of traffic to be handled ; 
for one thing, because it did not create smoke in the 





tunnel and so prevent visibility of signals. But, apart 
from that, there was the great tractive wer which 
could be utilised, and the fact that old bri ges could be 


used without needing to strengthen them. This accounted 
for the enormous traffic which the line was able to carry 
during the war period, especially in 1917, when a lot 
of war material and English and French troops were 
transported into Italy. The traffic in mileage was 
trebled in comparison with pre-war conditions. This 
system had been adopted by the Italian Government 
because the electric locomotives were comparatively 
light, and had therefore saved the expense of strengthen- 
ing “te although their haulage power was very great. 
But it had some disadvantages. One was the power 
factor, when running in cascade. A good deal of idle 
current had to be paid for. It was now in course of 
amelioration by putting phase advancers on the loco- 
motives. He wished also to recommend the single- 
phase system of low periodicity, which had developed 
in Switzerland and to a great extent on the German 
railways. 

Dr. Kapp then referred to the British standard of 
1,500 volts direct current. With 1,500 volts they would 
not go far. Modern dynamo makers would be prepared 
to supply motors up to 600 h.p. and 800 h.p. per motor, 
which would work with 3,000 volts direct current, but 
even 3,000 volts would not carry them any great distance, 
unless they dotted sub-stations all along the line. It 
was no use going in for half measures in that way. They 
were now copying the Americans, but they should copy 
people who did better than the Americans. If they 
compared 3,000 volts with 15,000 volts on an overhead 
wire they would find the diameter of the wire need only 
be half, with one-fourth the area. The sub-stations 
could be ten times as far apart, and would be simply 
static transformers which required no permanent super- 
vision, For the direct current required, three-phase 
transmission was recommended. Consequently, inside 
the sub-stations they must have transformers, con- 
verters and also a considerable staff, because the system 
must work night and day. It was true that in America 
they had automatic apparatus, but he did not think, in 
this country, they would trust automatic apparatus. 
A spring might go wrong, a cat might jump across a 
little relay and dislocate the whole thing, or some 
malicious person might drive a spike through it, and there 
would be no current and the line would be at a standstill. 
It would be a mistake to think that they could save 
labour by using automatic apparatus. They could 
save labour by arranging for such plant that it would 
not require to be loo after, and that was the way 
the Swiss were providing in the Gothard line. There 
they were working on 1,500 volts, 16% periodicity. 

Mr. A. M. Taylor said the cost of energy was all- 
important, and some large stations were producing it 
at a works cost as low as 0-2d. per unit. The current 
so obtained must then be transmitted over long distances, 
demanding high voltage. If 100,000 volte were used 
in place of 3,000 volts, the cost of copper would be 
enormously reduced. 

Mr. Alfred Dickinson, referring to suggestions that 
hydro-electric development might help railway electri- 
fication, said that such plant could not be built for 
nothi The capital cost must be taken into con- 
sideration. There were many reasons why hydro- 
electric power would not be very successful in this 
country. One was the cost of land, It was not possible 
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to have a hydro-electric power station under 20,000 h.p. 
which would pay its working costs in this country. 
He believed the application of modern methods in the 
better utilisation of fuel was going to be our salvation. 

Mr. R. A. Chattock, Electrical Engineer for the City 
of Birmingham, said that from the point of view of the 
electric power station a railway load was a valuable one, 
because it gave a high load factor. They were told it 
should approach 60 per cent. The ordinary load factor 
at power stations was in the neighbourhood of 30 per cent. 
to 33 per cent., so that if the railway load could be super- 
imposed upon the power station load it would improve 
the results obtained in the station and reduce the cost 
of current. That would be a benefit not only to the 
industrial supply from the station, but it would also be 
a benefit to the railway supply itself, because they were 
told that the railway could obtain the current from a 
power station at 0-6d. delivered to the track, with coal 
at 30s. per ton. If the power station could be operated 
with a high load factor he thought it should be able to 
supply current at a lower figure than that quoted by 
Mr. Smith. 

Professor Burstall referred to the direct-drive Diesel 
locomotive, with compressed air for providing the 
starting torque, and said it might be worth while investi- 
gating this before the country embarked on costly 
schemes of electrification. 

Professor Cramp said speakers had taken it for granted 
that the traffic on the main lines was to be similar, under 
electrification schemes, to that which existed to-day. 
That, to his mind, was to start at the wrong end. The 
distances between large towns in England, say, Birming- 
ham and London, were, after all, only suburban traffic 
distances when viewed from the standpoint of railway 
and geographical conditions in the United States. If 
the conditions which suited suburban traffic when the 
suburban lines were electrified could be applied to what 
they called main lines in this country, the result would 
be a great increase in travelling in England. He was 
perfectly certain, from a series of observations and 
records which he had obtained from different people 
who travelled in various parts of the country, and who 
now used either private motor cars or went by big road 
vehicles, that there was an enormous demand for short 
trains of high acceleration and high frequency from places 
like Birmingham to London, Oxford to London, and so 
on, That was where the railway engineer should start 
in electrification if he wished to make the main lines of 
England a success. The present long train was due to 
the steam locomotive, and if the railway engineer would 
start with all the advantages of electric traction, with 
shorter trains, high acceleration and great frequency, 
he would make the thing a success from the outset. 
Having regard to foreign experience, some of them were 
dismayed at the decisions which had been arrived at 
by the Railway Commissioners with regard to their 
recommendations as to transmission and distribution 
of electric power. The 1,500-volt direct current might 
be a success, but this was not the time to lay down such 
a hard-and-fast regulation. They should have far more 


elasticity and discussion before they were limited in 
that wie 
Mr. C A. Eley said the railways were the military 


roads of the country, and it was important they should 
not be put out of action by a bomb dropped on the 
generating station. He thought a locomotive might 
yet be designed to give an indicated horse-power with 
10 Ib. of steam, 

The Chairman, in summing up the discussion, said 
there were many points with regard to steam and electric 
locomotives which might be dealt with if there was time, 
but the consideration they wanted to lay hold upon was, 
was it going to pay us to electrify our main lines ? 
Professor Cramp suggested that they might, in particular, 
run smaller train units. He did not see much hope from 
that. On the heavy train to-day they had a driver, 
fireman and guard. They would have to have a driver 
and guard on the shortest trains. Labour entered into 
the running of trains just as into the running of power 
stations, Neither did he look upon the Diesel locomotive 
as a competitor with electrified main lines, save perhaps 
in exceptional circumstances, with low density of traffic. 
There was no insuperable electrical or mechanical 
difficulty in the electrification of main lines, but there 
was a difficulty in regard to the financial side of the 
problem when they were dealing with a low density of 
traffic. Round about a large town they had a high 
density of traffic, and the interest on the new electrical 
equipment was practically nothing. The maintenance 
figures one had to look after, but the maintenance cost 
was not in proportion per ton-mile to what it was where 
they were running through a large area of country and 
having a small amount of traffic on the line. He would 

ain quote his friend, Mr. A. W. Gibbs, who said the 
difficulties were more mechanical than electrical. The 
electrical side of the problem seemed to be perfectly 
sound. There were certain mechanical difficulties. 
One of them, unfortunately, ad not been touched upon 

that was the question of low centre of gravity and 
wheel arrangement. 





THE DESTRUCTIVE WORK OF THE 
TEREDO, 
To tae Eprror oF ENGINEERING. 
Sim,—In 1916, when some of the leading British engi- 


neers courteously afforded me opportunities to discuss 
the Carbo-Teredo Timber Preserving Process, a disposi- 
tion was manifested to question the assertion made in my 
cireulars that teredo existed in Australasian waters 
which bored 1} in. I now send you a photograph of the 
cast made of the interior of a teredo Soon, which is re- 
produced the actual size of the cast. Soon after my 
return to Australia Mr. T. E. Burrows, M.Inst.C.E., Chief 
Engineer, N.S.W. Harbours and Drainage Department, 


whilst on a visit to Norfolk Island, was shown the original 
tube, which was 9 ft. long. This had been brought from 
the New Hebrides by Mr. Christian of Norfolk Island. 
Mr. Burrows was good enough to supply me with a 
section. I have written to Mr. P. M. Crosthwaite, Secre- 
tary of the Special Committee, inquiring into the causes 
of Deterioration of Structures in Sea-water, stating that 





the specimen will be forwarded to him for inclusion in the 
Museum of the Institution, as soon as safe carriage is 
available. 

I may add that there is no question that a species of 
teredo exists in the Richmond River, N.S.W., which 
makes a 1#-in. bore. It does not exceed 15 in. in length, 
and is known locally as “the short fellow.” Other 
species in the northern rivers of this State grow to over 
12 ft. in length, but they rarely bore more than }-in. 

Jas, E, CUNNINGHAM. 

Post Office Chambers, Sydney. 








“THE FLOW OF METAL DURING 
FORGING.” 
To tHe Eptror or ENGINEERING. 

Srr,—Will you kindly accept the following remarks on 
what I consider the most interesting leader in your 
much esteemed journal, and which seems to have created 
a discussion of widespread interest in the “art and 
mystery of forging.’’ It has always and still is, of all 
workshop crafts, the one that demanded the highest 
skill. The faults of the pattern-maker are found out, 
the faults of the moulder reveal themselves in the 
eourse of machining, but the faults of the smith are 
hidden by a good exterior finish, and I may say that I 
have seen forgings that would have been condemned 
made to appear a first-class job through the skilful 
manipulation of the tools by the forgeman. 

I observe by W. G. Hough’s letter he has followed the 
preceding letters most closely : but he lacks the experi- 
ence of aforgeman. Of all the letters that have appeared, 
his shows a good knowledge of forging, but I must dispute 
the point of the hammer penetration of less than an inch ; 
it all depends on the weight of the hammer, the diameter 
of the metal, and the degree of heat the metal contains. 
With a three-ton hammer and carbon steel, 28 tons to 
the square inch, and a heat registering 1700 degrees C., 
with a good pressure of steam, the penetration will ex- 
ceed more than one inch on 12 inches diameter. 

For straight forgings, such as marine shafting, there 
is not a better machine than the forging press. The slow 
continuous stroke referred to in his letter I suggest does 
not allow the metal to flow in a stream-line formation, 
for the metal flows more from the centre, owing to the 
slow stroke of the press, and cools the surface, whereas 
the hammer acts quicker and retains the heat, owing 
to the friction. It is well known to smiths and forgemen 
that steel can be wrought from a dull red to a bright yel- 
low heat, with a quick-acting hammer, which is impossi- 
ble with the press, as small forging presses, such as 100 
to 500 tons, are too slow for general smithy work. I 
have observed a 300-ton press working on forging nuts, 
where the forgeman had -to revert to the antiquated 
method of placing a “‘ block’ or “* peg ”’ under the press 
to check or stop the press at the correct size, whereas by 
the hammer the hammer-driver can regulate his blow 
so that the nut would not be under the size. 

In handling of tools, especially for shouldering or 
cutting off, the hammer is best adopted. The great 
secret in using such tools is to warm Team slightly, not 
sufficient to burn the forgeman’s hands ; many a serious 
accident has occurred through lack of doing so. 

I, like Mr. W. J. Hough, would like to hear more views 
from practical men. Experimenting with wax, putty 
or clay, will never solve the problem of flow of metal dur- 
ing forging. There are many practical men with more 
experience than I have throughout Britain, if they could 





only be persuaded to take up the pen. In the London 
district there are forgemen experienced in forging 

resses of 3,000 tons, and steam hammers of 40 tons. 

hen, further north, in the great industrial steel centres 
of Sheffield, there are men experienced in presses up to 
10,000 tons ; still farther north, the world-famous forges 
of Darlington and Leeds, in Scotland the oldest in the 
country, Parkhead, which is equipped for the manu- 
facture of the largest guns in the British Navy. Is it 
not possible for the Industrial Cost Association, in con- 
junction with the Industrial Welfare Society and Indus- 
trial League and Council, to hold a joint conference, 
and devise ways and means to persuade the British 
workman to submit to writing his experience of inter- 
esting incidents during the course of following his calling. 
These are the men who have gold-mines of information 
which require to be tapped. No one seems bold enough 
to organise a campaign to extract the gold from the ore ; 
it is left to a few Engineering Journals to do the prospect- 
ing, but it is only on the surface. The British artisan 
is not a theorist, but a man who has the welfare of his 
country at heart. He does not know ‘‘something of 
everything,” and “everything of something.” He. is a 
specialist, though he does not reside in ‘‘ Harley-street.” 
He is the man who can reduce the cost of production 
and increase the output, but he has to be handled in a 
different manner than considering him a machine. 
There is the old proverb, you can take a horse to the water 
but you cannot make it drink ; and I have no hesitation 
in saying that the British workman is second to none, for 
he does not know when he is beaten, and it was through 
his dour determination that the contemptible little 
army, when they were brought to bay, threw themselves 
on the mighty opposing forces, and hurled them back to 
their own frontiers; and to-day there are two millions 
of them ready to make the workshop resound with their 
welcome voice and clang of the hammer. It is very 
interesting to discuss Motion Study in the workshop. 
It is a very scientific subject, but our eminent scientists 
have discovered that science is an art, and when that 
art is applied to advancement of human mental efficiency 
it will brighten the lives of our fellow workmen, and will 
result in the co-operative activities of brawn, brain, and 
capital, and each will receive its just reward. 

Yours faithfully, 
ROBERT SLEDDIE. 


12, Venus Road, Eltham, 8.E. 9, January 23, 1922. 





Tue Royat Sanrrary Instrrute.—This Institute 
announces that a congress will take place at Bournemouth 
from July 24 to 29. The president will be Major-General 
The Right Hon. J. E. B. Seely, M.P. Lectures are to 
be delivered on sanitary science, engineering and archi- 
tecture, hygiene, &c., and a number of conferences are 
also to be held. Further information can be obtained 
from the offices of the Institute, 90, Buckingham Palace- 
road, 8.W. 1 

R.I.B.A. CONFERENCE AT Carpirr.—The Annual 
Provincial Conference of the Royal Institute of British 
Architects will be held on June 9 and 10 at Cardiff. 
The organisation of the Conference has been undertaken 
by the South Wales Institute of Architects, an Allied 
Society. The Royal Institute of British Architects also 
announces that the annual award of prizes and student- 
ships was published at the general meeting, held on 
Monday, the 23rd inst. 

AGRICULTURAL TRaAcTOR TRIAts.—The first of this 
year’s demonstrations of Agricultural Tractors and 
Implements, organised by the Society of Motor Manu- 
facturers and Traders, is to be held at Stoke Canon, 
near Exeter, on Wednesday and Thursday, March 1 and 
2. Applications for entry must be made before February 
14 by any manufacturers or concessionaires who desire 
to take part. Full particulars and entry forms can be 
obtained from the offices of the Society at 83, Pall Mall, 
London, 8.W. 1. 

LEACHING OF CopPpER OrEs.—-Recent work at the south 
west experiment station of the United States Bureau of 
Mines shows that as good results can be obtained in 
leaching copper ores with SO2 as with sulphuric acid. 
The most refractory siliceous ores have thus been satis- 
factorily dealt with, and the applicability of the process to 
ores hitherto considered unleachable has been definitely 
proved. As compared with sulphuric acid leaching, the 
sulphurous acid process has a great advantage in the 
matter of cost, the relative figures being about as one to six. 

Sourn Arrican Rartway ELectrRirication.—In view 
of the state of employment in this country, it is parti- 
cularly satisfactory to record that the first order in con- 
nection with the electrification of the Glencoe-Maritzburg 
section of the Natal Railways, has been secured by a 
British firm, viz., The Metropolitan-Vickers Electrical 
Company, Limited, Trafford Park, Manchester. The 
whole of the mineral traffic of the important Natal coal- 
fields, for which Glencoe is a collecting centre, passes 
over this line on its way to Durban, and for many years 
past the mountainous character of the country between 
Glencoe and Maritzburg has formed a “ bottle-neck” 
to the line and has Set a limit to the possibilities of steam 
traction. Assuming the loaded traffic to amount to 
20,000 tons a day in one direction, it will be possible 
to handle this traffic with 11 electric trains, each of 
about 1,800 tons, whereas 14 steam trains would at 
a be required. The line will be worked by electric 

omotives taking continuous current from a trolley 
line at 3,000 volts ; and a valuable feature of the electri- 
fication, considering the hilly character of the country, 
will be the employment of regenerative braking on down 
grades. The presentscontract, we understand, amounts 








to between £750,000 and £1,000,000. 
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TURBO-BOOSTERS AND EXHAUSTERS FOR 
TOWN GAS. 


In the early developments of the use of high-pressure 
in the distribution of town gas the pressure was raised 
by rotary compressors of the Root’s blower class or by 
means of reciprocating compressors, and a very large 
number of such plants were installed and are still in 
operation. During recent years, however, there has 
been a tendency to employ compressors of the turbo- 
blower type which in many cases offer advantages in 
connection with driving and in the avoidance of pressure 
oscillations. A leading part in this class of work has 
throughout been taken by The Bryan Donkin Company, 
Limited, of Chesterfield, and their plants are to be 
found in all parts of this country and abroad. Messrs. 
Bryan Donkin’s earlier work in this connection is well 
known, and in this article we propose to deal with 
some of the later developments, particularly in the 
use of Rateau turbo-blowers and fans. 

Boosting in town gas distribution has many applica- 
















































































In practically all cases of the latter kinds the same 
ultimate effect could be obtained by running low- 
pressure mains of sufficient capacity, but the obvious 
disadvantage of this solution lies in the large capital 
outlay involved. The extra cost of the large low- 
pressure mains over the smaller high-pressure ones 
is considerably greater than the capital cost of the 
boosting plant. The high-pressure system also has 
the advantage of considerable elasticity in that a 
further increase in gas consumption over that for which 
the plant is installed may very frequently be dealt 


























one consisting of a steam turbine with a turbo-exhauster 
and the other of a horizontal steam engine driving 
two rotary exhausters. An important feature of the 
turbo machine is that the upkeep is low, there being 
no wearing parts other than the shaft and ite bear- 
ings. A further point is that there is practically no 
limit to the capacity which may be embodied in 
a single unit. The largest exhausters of the positive 
type which have been built have a capacity of some 
400,000 cub. ft. per hour, while several turbo plants 
are now working in this country containing single 
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tions. It may, ior instance, be employed in raising 
the distribution pressure in cases in which, owing to 
the extension of the mains, the ordinary gasholder 
pressure has become insufficient for satisfactory supply 
on the outskirts of a district: or it may be employed 
to raise the pressure in the distributing mains at a point 
distant from the gas works. In this latter case naturally 
the boosting plant has to be situated at the point at 
which it is desired to raise the pressure. The same 
effect may, however, be obtained, and the boosting 
plant fixed at the gas works, if an auxiliary high- 
pressure main is run into the district to be served 
and is connected to the low-pressure mains through 
district governors. In a similar way a high-pressure 
trunk main may be run to a distant area and may feed 
into an independent low-pressure system. 
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with by raising the boosting pressure and consequently 
the amount of gas carried. 

We have already referred incidentally to the advan- 
tages of turbo-boosters in the convenience of the drive 
and the steady pressure which is produced, with an 
absence of any pulsating effect. The same type of 
machine is also employed for exhausting, and these 
advantages apply equally to either type of plant. 
There are other advantages, however, in the turbo- 
machine one of which is its obvious simplicity, 
while another is the considerable saving in space 
which it shows as compared with reciprocating or 
rotary boosters or exhausters of older type. This 
point is illustrated in Figs. 1 and 2, on this page, 
which show the relative spaces occupied by two plants, 








each having a capacity of 500,000 cub. ft. per hour, 


Fig, 5. 


units of 500,000 cub. ft. to 750,000 cub. ft. per hour 
capacity. 

Machines of the Rateau turbo type have been 
extensively employed for exhausting in gas works 
and coke oven plants. In its earlier | applications 
the turbo type of gas exhauster was mainly used 
in connection with coke-oven plants and direct 
recovery by-product plants. In most of such cases 
it is required to handle a large volume of gas at low 
pressure, but recent experience has demonstrated 
that this type of exhauster is capable of dealing 
efficiently with.comparatively small volumes and high 
pressures. The pressure obtainable is to a great 
extent governed & the volume it is required to deal 
with, and in cases in which a high pressure difference 
is required in conjunction with a relatively small 
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volume, two or more stages are necessary. In 
works practice with volumes down to 100,000 cub. ft. 
per hour, two stages are usually sufficient to obtain 
the required pressure difference. 

As an example of a turbo-exhauster of the two-stage 
type reference may be made to Fig. 3, on page 105, 
which is a section of such a machine. A perspective 
view of the exhauster itself is given in Fig. 6, on 
page 108. The plant was supplied to a coke-oven 
works. It passes 250,000 cub. ft. of gas per hour 
against a pressure of 36 in. of water, and is 
driven at 4,250 r.p.m. by a Brotherhood 50-h.p. steam 
turbine, to which it is directly coupled. A quite 
important feature in connection with exhausters of 
this type is that no internal lubrication is necessary. 
With exhausters of the ordinary rotary type tar oil 
has to be introduced as a lubricant, but no such practice 
is necessary with the turbo machine. The Rateau 
exhauster acts to a certain extent as a centmfugal tar 
separator, and tar drains are fitted to the main casing. 
A further example of a gas turbo-exhauster is illus- 
trated in Fig. 7. This shows a three-stage machine 
supplied to the City of Birmingham Gas Works at 
Saltley. It is driven by a Brotherhood steam turbine 
and passes 500,000 cub. ft. of gas per hour, the vacuum 
on the inlet under maximum conditions being 40 in. 
water gauge and the outlet pressure 25 in. water gauge. 

The simplicity of machines of this class is well 
illustrated in Fig. 3. As will be seen the shaft runs 
in two bearings only, being clear from the central 
diaphragm which carries the diffuser vanes for the 
first wheel. Labyrinth king is fitted at the point 
where the shaft passes f memes the diaphragm to pre- 
vent leakage from the high-pressure side to the low. 
The main bearings are water-cooled, as the exhauster 
is, of course, dealing with hot gas and the lubrication 
is forced. The water overflow is visible. The oil 
reservoir is formed in the bed of the machine, and the 
oil pump is submerged, being driven by a vertical 
spindle from a spiral gear on the main shaft, as is 
clearly shown in the figure. The oil overflows are 
fitted with inspection plates so that the flow and 
temperature of the oil can be inspected at any time. 
The glands on the main shaft, at the ends of the 
casing, are of the carbon ring type, and are gastight 
whether the plant is running or standing. The shaft 
is of heat-treated high-tensile steel, and the wheels 
are built up on steel centres machined from forgings. 
The vanes are of heavy gauge material, as the foul 
gas has a certain amount of corrosive action. Governing 
is effected by means of a bell-type regulator and steam 
throttle valve, and as the pressure oscillations in the 
vacuum are only of the order of 0-1 in. or 0-2 in. water 
gauge, very accurate governing is obtained. By 
throttling the exhaust by means of the inlet valve 
the exhauster can deal with any volume of gas up to 
the maximum without by-passing, and no by-pass 
governor is necessary. Gas up to a temperature of 
80 deg. C. can be handled. 

Turbo-boosters are in general of the single-stage 
type, as illustrated in Figs. 4 and 5, on page 105. 
The construction does not differ greatly from the two- 
stage machine, and no extensive description is necessary. 
It will be noted, however, that as the machine is not 
dealing with hot gas, the bearings are not water cooled. 
It will also be noted that ring lubrication is fitted. 
This arrangement is employed for medium speeds and 
is not neccssarily characteristic of gas boosters as dis- 
tinct from gas exhausters. The gas booster, for instance, 
shown in Fig. 8, on page 108, has forced lubrication. 
This figure illustrates one of two machines situated at 
the Tottenham Gas Works of the Tottenham District 
Light, Heat and Power Company. Before dealing with 
the particulars of this installation it may be pointed 
out, in reference to Fig. 8, that the cast-iron casing is 
split horizontally to facilitate inspection of the wheel. 
A similar arrangement is made in the case of the 
exhausters shown in Figs. 6 and 7. 

As the Tottenham installation forms an interesting 
example of the application of boosting to town gas 
distribution some reference may be made to the con- 
ditions which had to be dealt with. The Tottenham 
District Light, Heat and Power Company is an amalga- 
mation of the Enfield Gas Company with the Tottenham 
and Edmonton Gas Light and Coke Company. Before 
the amalgamation the district served by the latter 
company was almost undeveloyed: in the centre and 
the parts built over formed roughly the shape of the 
letter O. The southern portion and western side were 
thickly built over, but the gas works were, and still are, 
situated nearly on the boundary on the eastern side. 
Over fifteen years ago boosters were installed in order 
to improve the pressure in parts of the district remote 
from the works, and in order to accomplish this without 
causing excessive pressure on the parts adjacent to 
the works, two leading mains, one 24 in. diameter and 
one 18 in. diameter, were isolated from the main’s net- 
work. The 24-in. main runs right across the district 
from east to west untapped for a distance of 3 miles. 
It delivers into a group of leading mains from which 
in turn smaller distributing mains are taken off. 


turbo-boosters, one of which is illustrated , 
were installed. With these a pressure equal to 42 in 



































gas Similarly the 18-in. main runs for a distance of 2 miles 


to the thickly inhabited southern part of the area, and 
delivers into the leading mains of the district. 

These feeder mains are sufficiently large to supply, 
under gas-holder pressure, all the gas required nenah. 
out the hours of daylight, except when there is a heavy 
cooking load, and they are supplied through governors 
for regulating the pressure. en, however, there is 
a large demand for gas, and particularly on Sunday 
mornings, it is necessary to supplement the 


as- 
holder pressure by means of boosters. In 1909 four 
boosters were in use. They were to work 


in in tandem, each booster being driven by a 
De Laval steam turbine. With these machines in 
operation a pressure of 24 in. water gauge could be 
obtained for the two leading mains. When the company 
was amalgamated with the Enfield Company, the 
increased demand for gas rendered the boosters in- 
capable of dealing with the maximum demand. They 
were accordingly removed and the two single-stage 
in Fig. 8, 


water gauge is sometimes employed, and it is remarkable 
that with this high pressure at the works, the maximum 
ve realised at the feeding 


points is only 74 in. 
his is on account of the length of the trunk mains 


and the free discharge given at the central feeding 


ints. 
The effect of the whole arrangement is that the 


district is supplied with gas at central points, and the 
works are situated at what is practically the extremity 
of the distributing mains, where the lowest 
is experienced. A gauge fixed in the governor 
house indicates this pressure, and the initial pressure is 
regulated in terms of this pressure at the extremity 
of the distributing mains. Numerous recorders are 
also fixed in various parts of the district and records 
are posted daily. 
adapted for lighting and extinguishing the street 
lamps by means of automatic lighters worked on the 
pressure wave system. With the high gas pressure 
supplied to the governor inlet a very small movement 
is sufficient to give the sharp rise in pressure required 
to operate the A.E.B. apparatus, or the pre-determined 
pressure needed by the Rostin lighters, one or other of 
which is fitted to the street lamps in the district of 
the company. Each of the two boosters is capable of 
delivering 1,500,000 cub. ft. of gas per hour and in. 
creasing the inlet pressure of 7 in. of water up to 50 in 
on the outlet. 
turbine running at 3,200 r.p.m. 
similar type to the Tottenham installation have been 
supplied for duties up to an hourly capacity of 
2,000,600 cub. ft. 


ressure 
iter- 


The system is particularly well 


Each is driven by a 250 b.h.p. steam 
Boosting plants of a 





Supriies TO THE DEVASTATED REGIONS OF FRANCE. 


—The British Chamber of Commerce, Paris, says that 


members concerned in supplying machinery and other 
goods likely to be required for reconstruction and 
replacement purposes in the devastated regions of France, 
will be interested in learning that the Chamber has 
received from a reliable source unofficial advance infor- 
mation to the effect that the centralising and control 
of all such purchases is no longer vested in the “‘ Comp- 
toir d’Achats”’ and need not now pass through that 
medium ; in fact, it is stated that the Comptoir Central 
d’Achats Industriels pour les Régions Envahies, will 
shortly cease to handle any transaction of this nature. 
It would, therefore, oe that business propositions 
may now be entertained direct with prospective buyers 
in the devastated regions, and although the Chamber 
has not as yet any written or definite confirmation of 
this change of régime, it has thought that it might be 
useful to pass the information to the members eng 

in the branches of industry concerned, that they might 
now at any rate recommence to make direct offers to 
their usual customers and entertain business direct. 





Moror Taxation.—The Ministry of Transport furnish 
for publication figures of the number of motor, &c., 
licences issued from January 1, 1921, to November 30, 
1921, and of the tax collected in that period in Great 
Britain, as returned by the Local Authorities. The 

represent approximately the licences taken out 


for the year 1921, as very few such licences would be taken 


out merely for the last month of the year. The total 


= receipts shown in the returns amount to £10,212,458. 


his figure is subject to some adjustment in respect of 
refunds, &c. The total gross receipts into the Motor Tax 
Account at the Bank of England up to December 31, 
1921, are: England and Wales, £9,378,648; Scotland, 
£940,504 ; total, Great Britain, £10,319,152. The total 
= receipts from Ireland are £265,695. Rebates of 
5 per cent. allowed in the case of vehicles taxed on the 
horse-power basis, whose engi were constructed 
before January 1, 1913, were paid during the year to an 
amount of £181,500 in respect of about 42,500 vehicles. 
In the case of G.I.M. li , the estimate is the number 
of plates actually issued. As one vehicle only can be 
used under one plate at one time, this number would 
correspond to the number of vehicles on the roads at 
any one time on test, trial, &c. The number of motor 
vehicles in use during the year is not the total of the 
licences issued, as the same vehicles may receive more 
than one quarterly licence. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—The outlook is slightly impro by 
the promise of steel rail orders for two of Sheffield’s 
leading engineering firms. Otherwise only a sm 
percentage of inquiries is materialising in definite con- 
tracts, and pro; made in restarting idle plant is slow. 
Sheffield’s fotel of 47,000 unemployed includes 10,000 
armament workers whose future must remain undecided 
until the full effect of the Washington decisions is known. 
Local stocks of manufactured and semi-manufactured 
materials have been reduced practically to vanishing 

oint. Orders for renewals are certain to be placed with 

ome producers, as Continental makers are no longer 
able to offer price advantages, and considerable difficulty 
has been experienced in securing deliveries under former 
contracts. Orders received by local steel makers from 
foreign sources, though confined to small tonnages of 
inferior qualities, are more numerous. Current indica- 
tions are that they will increase. On the other hand, 
makers of railway springs report that orders which for 
many years past have been executed by them are going 
to foreign competitors at prices which they cannot 
touch. A move is being made towards lower production 
costs by a further pruning of wages. A slightly better 
tone is evident in ferro-alloys and scrap, but here again 
the improvement is expected to be slow. In the lighter 
trades manufacturers are keenly canvassing for new 
business, and a good deal of price-cutting is reported. 
In the hardware section ironmongers and distributors 
confirm their intention to resist the innovation set up 
by a local mass-production concern to establish its own 
retail shops in the principal centres throughout the 
country. 

South Yorkshire Coal Trade.—Apart from best house 
coal, prices are easier in practically every section of the 
market. The demand for special brands of household 
sorts has shown a further expansion this week, due to 
the cold weather. Both collieries and merchants are now 
getting into arrear with orders. A further surplus of 
inferior steam fuel diverted to the house-coal market has 
produced an easier tendency in secondary grades. Even 
at a further reduction of 6d. to 1s. 6d. per ton the output 
of steam hards is larger than current requirements. 
Steel coke has been reduced 5s. per ton to 40s. per ton 
at ovens for beehive quality, and 30s. per ton for patent 
oven quality. Quotations :—Best branch handpicked, 
39s. to 40s.; Barnsley best Silkstone, 38s. to 40s. ; 
Derbyshire best brights, 35s. to 36s. ; toy wen best 
house, 348. 6d. to 35s.; Derbyshire best large nuts, 
308. ‘to 32s. ; Derbyshire small nuts, 25s. to 27s. ; York- 
shire hards, 28s. to 30s.; Derbyshire hards, 27s. to 
29s. 6d.; rough slacks, 15s. to 16s.; nutty slacks, 13s. 
to 148.; smalls, 3s. 6d. to 7s. 6d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLessBrouGH, Wednesday. 

The Cleveland Iron Trade.—Home inquiries for Cleve- 
land pig-iron are quite numerous and are leading to 
moderately good sales, a large proportion of which is to 
customers beyond the Tweed. few parcels are 
also being disposed of for despatch to buyers abroad, 
and altogether the situation is healthier than it has been 
for some time past. Since the last cut in prices sales 
totalling something like 15,000 tons are understood to 
have been made. Makers fixed minimum rates for home 
and export trade remain: No. 1 and siliceous iron, 95s. ; 
No. 3 G.M.B., 908.; No. 4 foundry, 87s. 6d.; and No. 4 
forge, 82s. 6d. Producers are under no obligation as to 
what they may charge for mottled and white descrip- 
tions, both of which are so plentiful as to be quite a 
drug on the market. The price of these inferior es is 
put at 80s., but makers are anxious to receive ofiers, and 
would, it is stated, accept substantially below the figure 
named. 

Hematite.—Considerable inquiries for hematite are 
circulating, and quite a number of fairly large orders 
for abroad are reported to have been booked. Pro- 
ducers are under no price restrictions, and are as keen 
as ever to secure contracts with the result that business 
is possible at slightly below recognised market rates, 
which for home and export transactions stand at 95s. 


for Nos. 1, 2 and 3 East Coast brands, and at 97s. 6d. 
for No. 1. 


Foreign Ore.—Business in foreign ore is within very 
narrow limits, and sellers finding much difficulty in 
tempting customers, are confining their attention largely 
to endeavouring to rsuade consumers to take up 
supplies overdue for delivery under old contracts. 

Coke.—Coke shows a slightly downward tendency, 
but blast furnace sorts are still much too high to meet 
the views of local users. Up to 26s. 6d. deliveries 
continues to be asked Durham furnace coke of medium 
quality. 

Manufactured Iron and Steel.—There is little new to 
report concerning the various branches of finished 
iron and steel. Only a small portion of plant is working, 
and production is at a low ebb; whilst demand is very 
quiet. Notwithstanding these unfavourable circum- 
stances, however, manufacturers have not reduced 
rates for home trade which are already unprofitable at : 
Common iron bars, 121. 10s.; iron rivets, 141.; soft 
steel billets, 7/. 10s.; medium steel billets, 9/.; hard 
steel billets, 97. 10s. ; steel ship, bridge, and tank plates, 
107. 108. ; steel angles, 10/.; heavy steel rails, 97. 108. ; 
fish-plates, 14/. 10s.; black sheets, 13/.; and corrugated 

vanised sheets, 161. There is free competition, 

owever, for foreign trade, and export business can be 

= through at rather considerably below quotations for 
ome purposes. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

The State of Trade.—Quite an optimistic spirit prevails 
in business circles throughout the country, but against 
this the grim reality is that trade has not yet made any 
decided forward move. Few industries can be picked 
out and marked up as being busy, but all the same, there 
is a fair number of establishments where there is quite 
a lot doing. Other works are gradually getting better, 
and despite everything there is a certain amount of 
improvement generally. Unfortunately, the steel and iron 
trades have not yet felt much difference, but it is freely 
said that their share will come along shortly. Costs 
and wages are on the downward move, and the home 
manufacturers will soon be able to compete successfully 
with the foreign article. Export trade all round is very 
poor, and there are few signs at present of any opening 
out in that direction although things politically have 
taken such a turn that more confidence is being instilled 
abroad and, with that, better trade will follow. At the 
moment, some markets have quite a lot of high priced 
material still to work off. 


Scottish Steel Trade.—The manufacture of steel 
material of late has been on a very small scale as little 
plant is yet in operation. The orders which have been 
booked recently were far from encouraging and few of the 
works could boast of having secured enough to merit 
a full start and many of the rolling mills are still idle. 
Unless there is a decided improvement in the demand 
at an early date it is feared that the major portion of the 
small amount of plant now in commission will cease 
working. Home consumers are still marking time and 
export dealing is quite off, Inquiries from abroad still 
seem to i leap of the “feeler” description, but 
this testing of the market shows that there are some fair 
orders to be given out, and that it is only a matter of 
time until they actually materialise. Of course, it is 
well known that buyers are just waiting until they are 
convinced that prices have touched bottom, or nearly 
so, before they commit themselves. In the meantime, 
prices are the turn easier and producers are cutting very 
keenly to secure business. 


Malleable Iron Trade.—The state of the malleable-iron 
trade in the West of Scotland is not very encouraging, 
and no little difficulty is being experienced in keepifg in 
motion the plant now in operation. The conditions are 
very much of a day-to-day character which is not a very 
healthy state to be in. Inquiries are not of large volume 
either for home or export, and, while the price for home 
business is 12/. 10s. per ton for ‘‘Crown”’ bars, makers 
are submitting lower quotations for export lots. 


Scottish Pig-Iron Trade.—The outlook in the Scottish 
pig-iron trade is steadily getting better, but up to date 
that has not resulted in any buying movement. The 
works are mostly idle still on account of the poor demand, 
and the recent easing of prices has not brought out much 
fresh business yet, although it has shown buyers that 
producers are anxious to meet them. Everything is in 
readiness for a large output of iron the moment it is 
wanted, and the time cannot be far distant when the 
present quietness will be transformed into a state border- 
ing on activity. Hematite is in rather better demand 
and the price named to-day is round 5/. 12s. 6d. per ton 
delive at the steel works. Foundry iron is going 
slowly and No. 1 is called 5l. 10s. per ton, with No. 3 at 
5l. 58. per ton, both loaded into trucks at makers’ yards. 





ContTracts.—Messrs. Royce, Limited, electric crane 
makers, Trafford-park, Manchester, have received an 
order for a 2-motor electric telpher with self-dumping 
grab of 1-ton capacity, from the Worcester Corporation, 
in connection with a scheme for an extension of the plant 
of their electricity station.—The Société Metallurgique 
de Sambre et Moselle, one of the most important steel 
works in Belgium, has secured an order for 40,000 to 
45,000 tons of steel rails and accessories from the Argen- 
tine State Railways. 





ENGINEERS FOR THE GENERAL Post Orrice.—The 
Civil Service Commissioners announce that an Open 
Competitive Examination for no fewer than 15 situations 
as Assistant Engineer in the Engineer-in-Chief’s Depart- 
ment of the General Post Office, will be held in London, 
Edinburgh and Manchester in April next, oe 
on the 20th of that month. The limits of age are 20 an 
25, with certain extensions. Regulations and forms of 
application will be sent in response to requests by letter 
add: to The Secretary, Civil Service Commission, 
Burlington Gardens, London, W.1. 





Tue Arr ConFERENCE ProGRAMME.—The second Air 
Conference will commence on Monday, February 6, with 
a visit to the London Terminal Aerodrome at Croydon, 
to enable members of the Conference to inspect the 
aerodrome organisation, &c. Members will travel by a 
special train leaving Victoria at 9.55 a.m., and returning 
from Waddon at 1 p.m. On Tuesday morning the ses- 
sion will commence at the Guildhall, London, at 10.30 
a.m., and a paper on “ Civil Aviation” will be read by 
Lord Gorell, and one by Lieutenant-Colonel W. A. 
Bristow on “ Aerial Transport.” In the afternoon ses- 
sion commencing at 2.45 p.m., two papers on research 
work will be read by Major F. M. Green and Brigadier- 
General R. K. Bagnall Wild. On the following day the 
morning and afternoon sessions will be devoted to the 
discussion of the papers read in the morning and afternoon 
sessions, respectively, of the previous day, and on both 
days the chair will be taken in the morni sessions 
by the Right Hon. Captain Guest, Secretary of State for 
Air, while for the afternoon session t chairman 
arranged is Lord Weir of Eastwood. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—-Yesterday the Commercial Com- 
mittee of the South Wales Coalowners’ Association 
discussed the present financial position of the Welsh 
coal trade, and particularly the current market prices of 
coal. Though it was realised that there were serious 
difficulties in the way of the adoption of expedients for 
the regulation of prices, there was a consensus of opinion 
that the present conditions were operating detrimentally 
to the interests of both workmen and the employers, and 
that whatever was practicable should be done to improve 
the position. 

any suggestions were made with a view to the im- 
provement of prices. One such proposal was that the pre- 
war practice of fixing minimum prices should be restored ; 
another, that a minimum price in the neighbourhood of 
25s. for large steam coals and for other coals at figures 
approximati ordi market differences; and 
another was that no colliery should sell at less than the 
gost of production. Another suggestion, which met with 
most favour, was that colliery salesmen should consult 
from day to day and act as far as possible in co-operation 
accordi to market conditions. Though no definite 
decision was reached it was agreed to hold further 

tings to consider the matter. Labour troubles are 
threatened in the Welsh coalfield as a result of the 
friction existing between the Miners’ Federation and other 
trade union organisations catering for colliery workers. 
The Miners” Federation have decided that they will not 
consider members of other organisations as unionists, 
and in the Maesteg district, which it is significant to 
note is the area of Mr. Vernon Hartshorn, the President 
of the South Wales Miners’ Federation, the workmen 
have tendered 14 days’ notice against the employment 
of non-unionists. 

It is not likely that the employers will acquiesce in 
the coercion of one trade union by another. Meanwhile, 
the position of the coal trade remains unsatisfactory 
from a colliery standpoint. Large coals of practically 
all descriptions are in excessive supply with prices round 
248. 3d. for best Admiralty large, 24s. seconds, 22s. 6d. 
to 23s. 6d. for the leading Monmouthshires and 24s. 
for best dry large. Small steams are scarce with man 
salesmen refusing to sell except in conjunction with 
large. On this basis best smalls realise 17s. 6d. with other 
grades in proportion. 

Iron and Steel Trades.—Though business in Welsh 
tinplates is quiet, prices are steady round 19s. 6d. for the 
basis make for prompt delivery, and 19s. forward. 
Galvanised sheets are from 16l. to 16l. 58. for 24-gauge 
corrugateds in bundles. 


Dry Dock Wages.—An agreement has been reached 
between representatives of the Bristol Channel Dry Dock 
Owners’ Association and many grades of labour for a 
reduction in time rates of 10s. 6d. per week in three 
separate cuts. The first drop of 4*. per week is to 
operate from February 1, the second of 4s. from March 
1, and the third of 2s. 6d. from April 6 next. 








PATENTS AND PATENT AcTIONS oF 1921: ErratuM.— 
In our Article on this subject on page 81 of our last 
week’s issue, we regret that through a typographical 
error, the number of patent applications in the year was 
given as 351,163 instead of 35,163. 





British Non-Ferrovs Metats ReEseEARCcH ASsocIA- 
TION.—The annual meeting of this Association will be 
held on Friday, March 3, at the Queen’s Hotel, Birming- 
ham, at 12.50 p.m., to be followed by luncheon at 1.30 
p-m. and a public meeting at 2.45 p.m. Full particulars 
will be issued later. 





“THE LocomoTiyz News AND RAILWAY CONTRACTOR,” 
—The issue of the omotive News for January 10 sees 
that paper appear in a new form. Published as No. 1 
of a new series by the Locomotive News Agency, Limited, 
154-6, Finsbury-pavement House, E.C. 2, this fort- 
nightly periodical now covers a wider field than hereto- 
fore. In addition to locomotive and general railway 
items it is intended that the paper should in future 
chronicle matters relating to railway contracting, 
constructional work, finance, company news, and so on, 
not forgetting the model engineer, and the interests of the 
railway photographer. The number now before us cer- 
tainly contains a wide variety of subjects, so that all 
kinds of people connected directly or indirectly with 
railways will find probably in it something to interest 
them. We wish the journal success in its new develop- 
ment. The price per issue is 8d. 





Tue Late Mr. Isaac Carr.—We regret to have to 
announce the death, which occurred on the 20th inst., 
of Mr. Isaac Carr, of Birchfield House, Widnes. 
Mr. Carr was born on September 29, 1857. After five 
years training in engineering workshops and drawing 
offices, he worked as draughtsman for several firms. In 
1882 he was appointed engineer and manager of Widnes 
Corporation Gas Works. Besides improving the Corpora- 
tion’s gas plant and service, he also incre the 
capacity of its water-works. In 1894 Mr. Carr also 
undertook a consulting engineer’s practice, and in the 
same year was appointed engineer to the West Cheshire 
Water Company. He was frequently called upon to 
advise upon and to design rey for gas and water 
authorities in different parts of the country, and to give 
expert evidence in the law courts and before other 
bodies. Mr. Carr was a past president of the Man- 
chester District Institution of Gas Engineers, and was 
admitted to the class of member in the Institution of 
Civil Engineers in 1898. 








NOTICES OF MEETINGS. 


Tue Puysicar Society or Lonpon.—Friday, Jan 
27, at 5 p.m., at the Imperial College of Science, Seut! 
Kensington. The following papers will be read : (1) “ On 
the Diffusion of Solutions,” by Mr. T. H. Littlewood, 
M.A., B.Sc., University College, Reading. (2) “On a 
Special Apparatus for the Measurement at Various Tem- 
peratures of the Thomson Effect in Wires,”’ by Mr. H. R. 
Nettleton, M.Sc., Birkbeck College, London. (3) “A 
Defect in the Sprengel Pump : its Causes and a Remedy,” 
by Mr. J. J. Manley, M.A., Magdalen College, Oxford. 


Roya Socrery or Arts.—Monday, January 30, at 
8 p.m. Cantor Lecture. “Inks,” by Mr. C. Ainsworth 
Mitchell, M.A., F.I.C, (Lecture II.) Wednesday, Feb- 
ru 1, at 8 p.m. Ordinary Meeting. “Surface 
Printing by Rollers in the Cotton Industries—A Com- 
ae with other Processes of Printing Patterns for 
retonnes, Dress Materials, Wallpapers, &o,”’ by Mr. 
Arthur Wilcock. Sir Cecil Harcourt Smith, C.V.O., 
LL.D., Director and Secretary, Victoria and Albert 
Museum, will preside. 


Royat Arronavticar. Socrery.—Tuesday, January 
31, at the Royal Society of Arts, John-street, Adelphi, 
W.C. 2, a joint meeting with the Illuminating Engineering 
Sm A paper will be read by Lieutenant-Colonel 
L. F. Blandy, on “The use of Light as an Aid to Aerial 
Navigation,” and the chair will be taken by Major- 
General Sir F. Sykes, Controller-General of Civil Aviation, 
at 8 p.m. 


Tue ILLUMINATING ENGINEERING Socrery.—Tuesday, 
January 31, Royal Society of Arts (John-street, Adelphi, 
London), at 8 p.m. Joint Meeting with the Royal 
Aeronautical Society, as above. 


NoRTHAMPTON ENGINEERING COLLEGE ENGINEERING 
Socrery.—W ednesday, February 1, at 5.30 p.m. Paper 
by Mr. F. G. Kay, on “ The Design and Testing of Motor 
Cycle Engines,’* 


Txe InstrruTion or Erecrrican ENGINEERS: WIRE- 
LEss SecTION MEETING.—Wednesday, February 1, at 
6 p.m. “The Determination of the Decrement of a 
Distant Sending Station,” by Major J. Erskine-Murray, 
D.8c., Member, and Mr. B. Williams, B.Sc. ‘‘ Some 
New Methods of Radio-Navigation,” by Major J. Erskine- 
Murray, D.Se., Member, and Captain J. Robinson, Ph.D. 


Tue INstTITUTION or Etecrricat Encineers.—Thurs- 
day, Febru 2, at 6 p.m., at the Institution House, 
Victoria Embankment, a paper entitled “'The Inter- 
connection of A.C. Power Stations,” by Mr. L. J. Romero 
and Mr. J. B. Palmer, Associate Members, will be read 
and discussed, 


INSTITUTION OF MecHanicaL Enornegrs. — Friday, 
February 3, at 6 p.m., at Storeys Gate, St. Jame’s Park, 
Westminster, 8.W. 1. Extra meeting, at which the 
aw by Messrs. H. 8. Denny, C.B.E., and N. V. 8. 

nibbs, B.Sc., on “Some Observations on a Producer 
Gas Power Plant’ will be read and discussed. 





Tue Instrrute or Cost aND Works AccOUNTANTS,.— 
Friday, February 3, at 2.30 p.m., in the Gordon Salon, 
Holborn Restaurant, Holborn, Costing Conference on 
The Necessity for Scientific Costing. The Right Hon. 
Lord Weir of Eastwood, P.C.,D.L., LL.D., in the chair. 


Tae Junior Instirution or EnGineers.—Friday, 
February 3, at 8 p.m., at Caxton Hall, “ Utilisation of 
Waste Heat from Internal Combustion Engines,” by 
Major W. Gregson. 





Roya Instrrution.—Next Tuesday (January 31), at 
3 o’clock, Professor H. H. Turner begins a course of 
three lectures at the Royal Institution on “ Variable 
Stars.” On Thursday (February 2) Sir Napier Shaw 
delivers the first of two lectures on “‘Droughts and 
Floods,” and on Saturday (February 4) Dr. E. de 
Selincourt commences a course of two lectures on 
“Humorists of the Seventeenth Century”: (1) Sir 
Thomas Browne, (2)Thomas Fuller. The Friday evening 
discourse on February 3 will be delivered by Sir Francis 
Younghusband on the ‘“‘Mount Everest Ex ition; 
and on February 10 by Dr. Halliburton on the “Teeth 
of the Nation.” 


Tue Late Mr. James Woorron.—We regret to have 
to record the death, which occurred on the 18th inst., at 
his residence, 59, Wickham-road, Brockley, of Mr. James 
Wootton, late Chief Inspector of Machinery, Royal Navy. 
Mr. Wootton was born in 1840, and entered the Navy 
as an assistant engineer in 1860. In June, 1867, he 
was promoted to the rank of engineer, and after eight 
years of active service in that capacity he was appointed 
senior engineer to the sloop Alert, which sailed on the 
Arctic expedition under the command of Sir George 
Nares. r. Wootton was promoted to chief engineer, 
and was awarded the Arctic Medal for his services in 
this expedition. After a period of duty in Devonport, 
Mr. Wootton joined the battleship Temeraire as chief 
engineer in 1881, and in that capacity he took part in the 
bombardment of Alexandria. For his services on that 
occasion he was awarded the Egyptian Medal, Alexandria 
Clasp and the Khedive’s Bronze Star. Two years later 
be was appointed to the Camperdown, and in 1886, whilst 
in that battleship, he was promoted to fleet engineer. 
Mr. Wootton was promoted to the e of Inspector of 
Machinery in 1887. He went to Hong-Kong as chief 
engineer of the dockyard in 1888. He was made Chief 
Inspector of Machinery in 1892, and was at the same 
time appointed Senior Engineer Officer of the Dockyard 

rve, Portsmouth. He was awarded the C.B. on 
the occasion of the Diamond Jubilee of Queen Victoria, 
and a few months later retired from the active list, 
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ROYAL METEOROLOGICAL SOCIETY. 


THe annual general meeting of this society was held’ 
on Wednesday, the 18th inst., at 49, Cromwell-road, 
South Kensington, Mr. R. H. Hooker, M.A., F.8.8., 
President, in the chair. The repert of the Council for 
1921 was read and adopted, and the Symons gold medal, 
which is awarded biennially for distinguished work in 
connection with meteorological science, was presented 
to Colonel H. G. Lyons, F.R.S. The Council for 1922 
was duly elected, the president being Dr. Charles Chroe, 
F.R.8. Mr. R. H. Hooker delivered an address on 
“The Weather and the Crops in Eastern England, 1885- 
1921,” of which the following is an abstract :-—The 
object,of this address was twofold ; firstly, to determine 
by the method of correlation, on the basis of the thirty- 
five years, 1885-1919, which were the critical periods 
in the growth of farm crops; and secondly, to ascer- 
tain how far each such period was responsible for the 
actual crops harvested in each year. Mr, Hooker 
showed how wheat was most seriously affected by wet 
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weather at sowing in autumn and winter; while warmth 
in winter was beneficial. The chief requirement of 
barley was a cool dry early summer, whereas for oats 
the same period should be wet and cool. Turnips wanted 
rain about June, but cool weather was even more 
important ; and for hay the fundamental necessity was 
rain in the late spring. The author emphasised, how- 
ever, that a cool summer was more important than rain- 
fall for almost all crops, excepting only hay, and even 
that was the better for cool weather. The requirements 
of potatoes were practically the opposite of all other 
crops. For quality of seed, absence of rain, and in some 
cases warmth, was desirable. One feature strongly 
emerged, viz., that as far as regards bulk of corn, the 
east of England was too wet (except for oats and beans) 
and too warm. The author then showed how the worst 
years, particularly 1893 and 1911, had been due to hot 
dry summers, and the same feature was the cause of the 
generally bad crops of 1921; though wheat, which 
can stand any amount of heat and drought, was in this 
year a record. As type of a good all-round year he 
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selected 1902, characterised by prolonged cool weather 
throughout the spring and summer, accompanied by rain 
until June, and followed by dry weather afterwards— 
just the combination most desired. 1920 in the east 
of England was a cool summer, only partly spoilt by 
rain in July, and the resultant crops were mostly good ; 
but the rest of England had much worse crops. The 
fifteen years, 1895-1910, were mostly a period of good 
crops, but in the last seven or eight years we have had 
a@ succession of very eetatennehie weather conditions, 
notable chiefly for dry warm springs. 








Watvis Bay Cotp Srorace Piant.—H.M. Trade 
Commissioner at Cape Town has forwarded to the Depart- 
ment of Overseas Trade an extract from the Cape Argus 
of December 19 in which it is stated that the Adminis- 
trator has secured a loan of £3,000,000, which it is 
reported, will be devoted to the erection of a cold storage 

lant and the improvement of the harbour works at 
Walvis Bay. 
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WASTE HEAT FROM POWER STATIONS. 
THE quantity of heat lost in the condensing water 
of a large power station has often been a matter 
for reflection among those desirous of improving the 
economy of power generation. The heat thus lost 
amounts in the aggregate to a very striking figure. 
An ordinary station, carrying a load of 10,000 kw. 
and working with cooling towers, will discharge 
from its condensers about 4,000 tons of circulating 
water per hour at a temperature of about 95 deg. F. 
Before this water can be put through the condensers 
again it has to be cooled to a temperature not 
exceeding 75 deg. F., the excess heat, amounting to 
some 180,000,000 B.Th.U. per hour, having to be 
got rid of somehow or other. This enormous amount 
of heat is not only utterly wasted, but the disposal 
of it involves large and costly plant and considerable 
loss of water by evaporation. It is indeed the 
thermal equivalent of over 52,750 kw.-hours, and 
has all to be thrown away in order to obtain an 
effective output of 10,000 kw.-hours. Could it be 
utilised as a source of revenue instead of having 
to be treated as a factor of expense, it is obvious 
that the generation of electricity would be materially 
cheapened. But the heat in several thousands of 
tons of hot water is not much use to anybody. 
The power station engineers do not want it because 
it is at too low a temperature to be converted into 
useful work, and very few manufacturing processes 
could avail themselves of it. 
We do not know of any attempt to use the heat 
in the circulating water from a power station for 
any purpose directly beneficial to the station itself 
and it is indeed difficult to see how it could be so 
used. In one large Canadian municipal plant the 


x. | whole of the City water supply is passed through 


the condensers during the colder months of the year 
with great advantage to the waterworks. The 
water, coming from beneath the ice of a frozen river 
enters the plant at a temperature of 34 deg. F. 





The waste heat from the condensers raises it to a 





aiabialeis of aa 50 iat F., and on enables 
the mechanical filtration plant to be kept in opera- 
tion all the year round, besides considerably 


93 reducing the trouble from frozen services. At 


another municipal power plant in the same country 
it was intended, and we believe the idea was carried 
out, to use the hot circulating water for heating 
glass-houses adjacent to the station. Few power 
stations, however, are situated in surroundings 
where horticulture can be carried out on a sufficiently 
large scale to absorb the waste heat in the circulating 
water. The water is not hot enough to be much 
use for domestic purposes, and the only remaining 
hope would appear to be the discovery of some 
industry which could be carried on immediately 
adjacent to the plant and which could make use of 
vast quantities of warm water in its operations. 

The outlook, however, for the beneficial use of 
the heat in the circulating water is not very bright, 
and most of those who have considered the subject 
have come to the conclusion that the waste heat 
from the prime movers must be recovered for use 
before it is diluted by the circulating water. 
This, of course, involves a considerable change in 
the operation of the station, which would have to 
be run non-condensing and equipped with much 


Notes on New Boolis.....-....---.cosseos-co----o--c-ssseceenesesentees 112) more generating plant for the same out 

put of 
edie, sg J, Sulzer-In Imhoof . e power. In order to make the situation clear, it is 
The World’s Shipbuilding Sidi 114| Worth while looking into the figures of a typical 


5| case. We will suppose a turbine of 10,000 kw. 


working with steam at 200 lb. gauge pressure, 
150 deg. of superheat and exhausting into a vacuum 
of 28 in. Such a machine, assuming an efficiency 
ratio of 74-5 per cent. would take about 12-25 Ib. 
of steam per kw.-hour at full load. Every pound 
of steam going into the turbine would carry with 
it 1,253 B.Th.U. reckoning from a temperature of 
60 deg. F., below which it would be impossible in 
practice to cool it. The turbine would turn 278 
B.Th.U. from every pound of steam into electrical 
energy, rejecting the balance of 975 B.Th.U. to the 
condenser. As even an ideally perfect turbo- 
generator, with no radiational, frictional or other 
losses of any kind could only turn 373 B.Th.U. per 
pound of steam into electrical energy and would 
have to reject a balance of 880 B.Th.U., there is not 
a great deal to be hoped for in the direction of im- 
proving the machinery. 

Supposing, however, instead of working the tur- 
bine in conjunction with a condenser, it was arranged 
to exhaust at a pressure of say 5 Ib. above atmo- 
sphere, a very different state of affairs would obtain. 
If the turbine could be designed to utilise steam 
equally efficiently under the new conditions, it would 
require about 23-5 lb. per kw.-hour, as the heat 
drop is so much less. Thus, to maintain the same 
electrical output as previously the boiler capacity 
would have to be practically doubled and the coal 
consumption per kw.-hour increased in a like ratio. 
As a set off against these drawbacks, the condenser, 
airpump and circulating pump would be eliminated, 
thus reducing the initial capital cost by about one- 
third, and at full load there would be available 
235,000 Ib. of steam per hour of 98-3 per cent. 
dryness, which is drier than that produced by an 
ordinary boiler. To raise this steam in the ordinary 
way would require almost as much coal as to produce 
the same quantity of steam at 200 Ib. pressure, so 
that if low pressure steam is required for any 
purpose, the electrical output of the turbo-generator 
can be supplied very cheaply indeed so far as fuel 
cost is concerned. 

The whole question turns upon finding some mar- 
ket for the low-pressure steam. The normal supply 
of this will not be constant, but will vary from hour 
to hour and from day to day throughout the year in 
accordance with the demand for electrical energy. 
A supply equal to the maximum can, however, be 
furnished at any time by turning live steam into 
the exhaust system when the exhaust. from the 
turbines is not adequate to the demand. The 
question of the utilisation of exhaust steam from 
electric power stations was brought before a joint 
meeting of the Institution of Electrical Engineers 
and the Institution of Heating and Ventilating 
Engineers on January 19 last, Mr, C, I 
Haden, representing the latter institution, read a 
short paper advocating generally the combination 
of heat distribution by means of exhaust steam with 
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the generation of electric energy. Some of his 
figures, though they escaped the criticism of his 
audience, were hardly in accordance with modern 
practice. His assumption that a 15,000 kw. turbo- 
generator would require 17 lb. of steam per kw.-hour 
is somewhat staggering, as is his belief that new 
large generating stations are aiming at a thermo- 
dynamic efficiency of only 8 percent. An efficiency 
of over 18 per cent. has, of course, already been 
maintained over long periods of times in well 
managed stations both here and abroad. 

These slips, however, do not materially affect Mr. 
Haden’s argument. In general he would have the 
sites for new large generating stations chosen more 
with regard to the market for exhaust steam than 
for the more usual considerations. Heat for the 
warming of houses, institutions and public buildings 
is only needed in England during some six or seven 
months in the year and the demand is extremely 
variable on account of the vagaries of the climate. 
But the hot-water consumption of dwelling houses is 
approximately constant, and steam for cooking 
purposes would also be useful throughout the year. 
Hence it is for domestic uses that he anticipates 
the greatest potential market for exhaust steam. 
The most immediately practical step which he 
advocates is in connection with the existing power 
stations which are doomed to be superseded by the 
new super-stations when the latter materialise. 
Many of these stations are in thickly populated 
areas, and instead of scrapping them altogether, 
Mr. Haden suggests using them as primarily heat 
stations for the neighbourhoods concerned. The 
boiler-plant would remain as at present, but the 
engines or turbines would be made to exhaust 
against a pressure of 60 lb. per square inch, and steam 
at this pressure would be distributed to consumers. 
If the high-pressure steam was generated at 150 Ib. 
per square inch with a superheat of 100 deg. F., 
Mr. Haden estimates that the engines exhausting 
at 60 lb. per square inch would have a steam con- 
sumption of about 115 lb. of steam per kw.-hour. 
This corresponds to an efficiency ratio of only 43 
per cent., which would appear to be exceedingly 
low, particularly as the steam is in a superheated 
condition throughout its whole range of expansion. 
Taking Mr. Haden’s figure, however, for the sake of 
argument, and assuming a steam consumption of 
18 lb. per kw.-hour for these old plants under their 
normal conditions, the electrical capacity of the 
stations would be reduced to less than one-sixth 
of the normal by working against a back pressure 
of 60 Ib. per square inch. This amount of power 
would be produced practically for nothing, as far 
as fuel is concerned, and for every 1,000 kw.-hour 
turned out, enough heat to raise 87,400 gallons of 
water from 60 deg. F. to boiling point could be 
supplied in the form of exhaust steam. 

There is no doubt at all, from the technical point 
of view, that stations for the supply of both elec- 
tricity and heat could be successfully run on the 
lines indicated. The city of Brandon, in Manitoba, 
has had its electric power plant operated in this 
manner for years, the whole of the buildings in the 
centre of the town being heated by the exhaust 
steam from the power station. The plant consists 
of reciprocating engines aggregating about 1,000 kw. 
capacity, and it is generally stated that the electrical 
output is regarded as a by-product, the main 
revenue being derived from the exhaust steam. 
The length and severity of the Canadian winter 
must, however, be borne in mind when considering 
the possibilities of such a system in this country. 
There are quite a number of central heating stations 
in the United States, and during the discussion 
Mr. Patchell referred at some length to the Detroit 
system. Mr. F. H. Whysail, M.I.E.E., who read 
the second paper of the evening, referred to the 
statement that combined stations in America had 
in many cases been abandoned in favour of separate 
stations for power and heat respectively, but did 
not consider it thereby proved that combined 
stations might not be advantageous in congested 
city areas. He held that electricity supply authori- 
ties could not afford to ignore either the demand 
for exhaust steam, or the possibility of obtaining 
cheaper supplies of electric energy from generating 
stations supplying low-pressure steam for industrial 
pu ; 
That it would be possible to develop a commercial 


demand for exhaust steam for use in dwelling houses 
in this country is, we think, unlikely. No doubt 
situations could be found where large blocks of 
flats, office buildings or hotels would provide a 
sufficiently concentrated load to make heating from 
a near-by central station commercially practicable, 
but the necessary combination of circumstances 
will not be generally present. Questions of way- 
leaves, capital and maintenance costs of pipes and 
transmission losses all become important unless 
the consumers are well concentrated, and there is 
always to be considered the comparatively short 
period of the year when much heat is required. 
The most hopeful outlook for those who wish to 
cheapen central station operation by avoiding the 
present heat losses in the condensers would seem to 
be in the direction of a close co-operation between 
the central power stations and large heat-using 
industries. Millions of tons of coal are now burned 
annually, simply to produce low-pressure steam for 
heating purposes in connection with the chemical, 
sugar, and other industries. If the steam were 
generated at high pressure it would hardly make 
any appreciable difference to the coal-bill, but the 
high-pressure steam could be used to generate 
electric energy and exhausted at low pressure for 
heating. The electricity would obviously be 
obtained at a much lower cost than if it had to be 
produced by steam from independent boilers. The 
most effective realisation of such a project would be 
for every large power station to be surrounded by 
a sufficient number of steam using-works, to absorb 
the whole of the exhaust steam which the station 
could produce. As Mr. Whysall points out, the 
commercial arrangements of such a scheme are 
more difficult than the technical ones, but there 
can be no doubt that under properly co-ordinated 
management the combination would be distinctly 
profitable to all parties concerned. 





WORKMEN’S COMPENSATION CASES. 
As is well known, compensation is payable under 
the Workmen’s Compensation Acts in respect of 
accidents arising “out of and in the course of” | 
the employment of the injured party. In many 
cases it has been held that although the accident 
arose in the course of the injured person’s employment 
it was not sufficiently connected with the employ- 
ment to have arisen out of it; and it was recently 
suggested that employers’ representatives should 
agree to the Act of 1907 being amended so that 
compensation should be payable in respect of all 
accidents arising in the course of the injured person’s 
employment even if, not actually arising out of it. 
The importance to employers of resisting such an 
amendment is exemplified in two cases which were 
before the House of Lords on the 20th inst., on 
appeal from the Court of Session in Scotland, viz., 
Costello v. Robert Addie and Sons’ Collieries, 
Limited, and The Coltness Iron Company, Limited, 
v. Baillie. 

The general law applicable was laid down by the 
House of Lords in the case of the Fife Coal Company, 
Limited, v. Colville, referred to in an article in our 
issue of December 24, 1920. In that case, a miner 
had bored a shot-hole in a mine and had taken the 
ordinary steps to fire the shot. He thought the fuse 
had missed fire, and, after waiting 10 minutes, 
returned to the fuse. The shot exploded, and he was 
killed. He had contravened the following article of 
the Explosives in Coal Mines Order of September 1, 
1913: “If a shot misses fire, the person firing the 
shot shall not approach or allow anyone to approach 
the shot-hole until an interval has elapsed of not 
less than 10 minutes in the case of shots fired by 
electricity or by a squib, and not less than an hour 
in the case of shots fired by other means.” It was 
held that by returning to the fuse within an hour 
in breach of the Order, he had gone outside the 
sphere of his employment, and that the accident had 
therefore not arisen out of, and in the course of, his 
employment. The two recent cases are refinements 
on that case. 

In Costello v. Addie’s Collieries, the appellant, 
Costello, and his mate, Fisher, had to prepare and 
fire two shots in the pavement. The appellant 
prepared one and his mate the other, each with a 





detonator and with a fuse attached. The shots 
were from 2} ft. to 3 ft. apart. The men then 


applied a light to the fuses. Fisher lit his, but both 
Costello and he thought that Costello had not 
succeeded in lighting his. They went to a place of 
safety where they heard Fisher’s shot go off, and 
they waited for between 30 minutes and 40 minutes 
to allow the “ reek ” (smoke) to clear away. Costello 
then returned to light his own shot, which he 
believed he had not lit. 

As he was approaching, the shot went off and 

injured him. The Court of Session held that the 
accident could not be said to have arisen out of, 
and in the course of, his employment. Costello 
appealed to the House of Lords, and it was appar- 
ently argued for him that because he believed that 
he had not ignited the fuse, he had not contravened 
the statutory rule. Lord Dunedin said that the 
argument turned on the contention that to have a 
misfire in the sense of the Order you must first have 
ignition and the arbiter had found that the man 
believed that there had been no ignition. This 
contention was rejected by the Court of Session 
and by the House of Lords. Lord Dunedin held 
that the Order applied when once the worker had 
applied a light to the end of the fuse, and he agreed 
with the Lord President of the Court of Session 
in saying that it would fail in its object if it per- 
mitted the worker to go on applying a naked light 
to the fuse until he was satisfied that he had success- 
fully ignited it. He held, therefore, that the man 
had contravened the Order, and that, although the 
accident arose in the course of his employment 
it did not arise out of his employment and he was 
not entitled to compensation. The other judges 
agreed. 
In the Coltness Iron Company’s case, a father and 
his two sons worked in a gang together. One of the 
sons bored a shot-hole, and the father put in the 
explosives and arranged the fuse. One of the sons 
then applied a light to the fuse, and the party retired. 
It was. thought that the fuse had not been lighted, 
and the father returned within the hour. It was 
held that he had not contravened the Order because 
he was not the person who fired the shot, the pro- - 
hibition in the Order relating merely to the person 
who fires the shot. Accordingly he had not gone 
beyond the scope of his employment ; the accident 
arose out of and in the course of it; and he was 
entitled to compensation. No doubt the Order 
will be amended so as to make the prohibition apply 
to all workers concerned, and not merely to the man 
who has fired or attempted to fire the shot. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

In accordance with a notice previously given, 
an extraordinary general meeting of the Institution 
of Mechanical engineers was held at Storey’s Gate, 
St. James’s Park, on Friday last. The effect of this 
meeting on the Institution is likely to be very far- 
reaching as decisions were taken at it which will 
affect its whole future. The meeting was almost 
wholly taken up with a consideration of proposed 
changes in the Articles of Association, and we do 
not therefore propose to give an account of the 
proceedings, but to deal rather with the subjects 
discussed. 

In the first place the attention of the meeting was 
devoted to the removal of an anomaly, which for 
many years passed unnoticed, with regard to the 
class of associate members. Article 6 classed 
associate members with those grades which it is 
generally agreed have no claim to share in the 
management of the Institution, and “‘ provided that 
no associate member, . ., Shall be deemed to be 
a member within the meaning of the Articles.” 
No exact interpretation of what this implied in the 
way of limitation of the powers of associate members 
has been recognised of recent years, and the council 
considered that this ambiguity should be terminated 
by all members and associate members being in- 
cluded in a class of corporate members whose 
position should be more clearly defined. No one is 
likely to disagree from this, and it was clearly the 
wish of the meeting of last Friday that such a change 
should be made. A rather nice point, however, 
still remains to be cleared up, and it is whether 
or not, in view of the particular wording of the 
phrase we have quoted, associate members should 





strictly speaking have been allowed to vote at all 
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last Friday on the proposed changes in Article 6, 
and others. We believe that the opposition to this 
proposal was so small that it is to be concluded 
that the large majority of the actual members 
present acquiesced in the change, and therefore we 
think that no trouble is likely to arise. It should, 
however, be considered whether or not the fact 
that associate members voted, legally affects the 
validity of the proceedings. This is a point 
which, for the sake of future security, it would 
be well to have decided. We regret the position 
which the associate members have hitherto occu- 
pied, and welcome the change, but it is diffi- 
cult to see how they, while specially excluded 
from certain powers, can properly be allowed to 
influence by their votes the articles of a body 
of which they are not, shall we say, controlling 
partners, with a view to securing such power to 
themselves. It seems therefore that it would have 
been rather more correct for the introduction of 
the inclusive term “corporate member” to have 
resulted from the action of members only, and, 
after the necessary confirmation, the other changes 
might have been brought before all corporate 
members for decision. 

The meeting having adopted this new term, and 
such alterations as necessarily followed from its 
introduction, went on to consider the proposals 
with regard to two new grades. These were a new 
grade for juniors in the profession, and a grade for 
men, eminent in associated or other callings, in- 
terested in engineering. It was pointed out with 
regard to the first that the term graduate as used by 
the Institution was something of a misnomer, being 
properly the term applied to a young man who has 
passed into a profession, or certain standards at a 
university. This term will now be retained for the 
more advanced of those among the juniors, whereas 
those who are commencing to train for the pro- 
fession, and are still apprentices, will be able to join 
as students. The idea of instituting a class of 
“companions” is to associate with the Institution 
men of eminence who might from their position be 
thought to be worthy of something more than the 
ordinary associateship, which is open to men of a 
wide range of professional attainments not actually 
engaged in mechanical engineering. The associate- 
ship in future, always supposing the proceedings of 
Friday last to be in order, and confirmed at the 
next meeting, will be thrown open wider than here- 
tofore, while the companionship will, it is intended, 
imply that the Institution holds those elected to this 
grade, in special esteem. 

The next important proposal had reference to the 
election of associate members to the council. In 
deference to a postal ballot the council had decided 
on this change, which it will be remembered was 
brought up at previous sessions. Their proposal, 
as submitted, was that three associate members 
should sit on the council. This was modified at 
the meeting to the effect that of the council not less 
than three nor more than seven shall be associate 
members. It was pointed out during the meeting 
that very few of the younger members of the pro- 
fession can be expected to find time to attend to 
the work the council has to get through. An idea 
of the time necessary may be gathered from the 
fact that one member of council, Mr. W. H. Patchell, 
is credited with attendance at 85 committee meetings 
during the past year, and many such meetings last 
a full afternoon. To expect this of associate 
members is making a very heavy demand on a man 
who has yet to win his way in the profession, and it 
will probably be allowed that not many will be 
found able to devote to the task this amount of time. 
Largely for this reason the number had been kept 
small by the councii who also wished to retain 
representation of local branches and leading indus- 
tries, and yet keep the total number of members 
of council a reasonable one. 

At the ordinary general meeting which imme- 
diately followed the extraordinary meeting little 
transpired which we need record here. The Presi- 
dent announced the death of Dr. Edward Hopkinson, 
past-president, of whose life we gave an account 
in our issue of last week (page 82 ante), and it was 
agreed to send a message of condolence to Mrs. 
Hopkinson. It was then proposed by the President 
that Senatore G. Marconi, G.C.V.0., should be 





elected to the Institution an honorary life member. 
This was received and agreed to with great cordiality. 
The council’s nomination list for the forthcoming 
annual election of council was then read out, and the 
name of Mr. 8. G. Thompson added to it in accord- 
ance with by-law 26, by members present. The 
remaining business consisted of the reading of 
proposed amendments to the council’s proposed 
alterations of by-laws which are to be considered 
on February 18. The meeting was then adjourned 
till February 3, when the paper by Messrs. Denny 
and Knibbs, on “‘ Some Observations on a Producer- 
Gas Power Plant,” which was to have been read last 
Friday, will be taken. In the meantime this paper 
has been considered at Manchester, where it was 
discussed yesterday at a meeting of the North- 
Western Branch, a report of which will appear in 
our next issue. 





RUBBER VULCANISATION. 

Tue Institution of Rubber Industry, which was 
inaugurated last autumn, naturally has not lost 
any time in coming to a discussion of one of their 
chief problems, rubber vulcanisation. As it hap- 
pened, the question was first raised before a 
Manchester meeting in a paper by Dr. Pickles on 
** Compounding Ingredients.” The general problem, 
**Vulcanisation: Past, Present and Future,’ was 
brought before the London meeting on the llth 
inst. by Dr. Philip Schidrowitz, F.C.S., and further 
papers on the subject will follow in the course of 
this session. Up till a few years ago Dr. Schi- 
drowitz stated, vulcanisation would probably have 
been defined as constituting the reaction taking 
place between rubber and either sulphur or a 
sulphur compound. But there was no simple or 
definite chemical reaction. We could cure rubber 
by mixing it with 2 or 3 per cent. of sulphur; if we 
further added a fraction of a per cent. of some 
organic accelerator, however, half a per cent. of 
sulphur would be sufficient. Both the products so 
obtained would be fully cured, yet physically and 
mechanically they would be different, and there- 
fore the reactions could not be the same. There 
might be polymerising or aggregating influences, 
and the accelerator might itself act like sulphur ; 
but the accelerator, apparently, could not alone 
serve as vulcaniser in the absence of sulphur. For 
these reasons Dr. Schidrowitz preferred to define 
vulcanisation merely as a process involving the 
interaction of rubber and of sulphur or some sulphur 
compound which profoundly modifies and improves 
the thermal and physical properties of the rubber. 
We should ourselves feel inclined to omit the 
“improves ” from this definition. 

Hot curing was introduced by Goodyear and 
by Hancock about 1840, cold curing by means of 
a solution of sulphur chloride by Parkes in 1846 ; 
the sulphur-chloride vapour curing (Abbott, 1878) 
and the dry heat stove cure (Waddington, 1888), 
and other methods followed later. The heating 
with sulphur may be effected by live steam, in 
presses or autoclaves, in electrically heated moulds, 
in hot air or carbon dioxide, by the sun’s rays, 
or in water and oil; the article may also be dipped 
into molten sulphur. Rubber solutions may be 
heated under pressure in containers (Stevens) ; 
the solutions may be mixed with sufficient quanti- 
ties of accelerators and activators to produce jellies 
in the cold (Bedford, Peachey), or be exposed to 
the vapours of carbon di-sulphide (Bruni); Bern- 
stein and Helbronner cure solutions in the cold 
by ultra-violet rays. The gases used also comprise 
sulphuretted hydrogen and sulphur dioxide. There 
is thus a great variety of hot and cold processes 
and of ingredients, and in addition to sulphur 
compounds Boggs and others have used selenium 
with some success, and Ostromyslenski benzoyl 

roxide. 

Some of the methods are still applied much on 
the original lines. British practice favours relatively 
high percentages of sulphur, American practice low 
sulphur bulks at higher temperatures, and also with 
higher accelerator percentages. Dr. Schidrowitz 
thought that the American practice might be more 
suitable to the drier American climate. Rubber, 
he considered, deteriorates more rapidly in dry heat 
than in a damp atmosphere, but the deterioration 
might lead either to hardening or to softening (tacki- 





ness); at ordinary (non-tropical) temperature the 
hardening would take place at a more rapid rate than 
the softening. Of less widely-known curing methods 
Dr. Schidrowitz mentioned the Waddington stove 
in which proofed cloth passes over a series of rollers 
in a closed heated chamber at an adjustable speed ; 
the Fowler vulcaniser in which all air is eliminated 
from the boiler feed to prevent the formation of 
blisters ; and the Eddy process in which the goeds 
are placed in perforated trays attached to two 
endless chains driven at adjustable rates by sprocket 
wheels. As regards tyres the ideal method would 
be to vulcanise on a rigid metal: core by external 
pressure, forcing the mould down on the casing or 
core. That method required, especially with 
complicated tread designs, high accuracy in the 
mould and in the “ building ” of the tyre, and the 
slightest deviation from the correct dimensions 
would lead to rejection or subsequent failure of the 
tyre. These difficulties had been overcome by the 
internal pressure air-bag system, in which the casing 
or tyre was pressed against the mould by an expand- 
ing air or gas container of flexible material; there 
could then be no overfilling owing to excessive 
stress, but the rubber bags used were expensive 
and would not hold out long, and had recently 
been replaced by bags of expanded metal. In 
these mechanical devices, as well as in the apparatus 
for the control of heat and pressure, there was still 
much room for improvement. 

Dr. Schidrowitz’s suggestions for the future were 
offered in the guise of a dream, and they did not, 
for the present, amount to much more. Presuming 
that electricity would be quite cheap by, say, 
1940, his ideal rubber works would have no chimneys 
and no steam pipe lines because every mill and 
calender would have its own small electric boiler 
and thermostat. There would be no hot curing 
above 160 deg F., but curing in open tanks under 
water, nor any solid tyres or inner tubes. Tyres 
would be made all symmetrical on some kind of 
loom ; cotton threads would be passed through a 
proofing bath and a drying chamber, and then 
interwoven with threads of rubber. 

Neither this dream of the future nor some of the 
other statements made by Dr. Schidrowitz escaped 
criticism. While Mr. Fordyce Jones and Mr. 
Zorn were ready to carry the dream further, members 
refrained from technical criticisms of the tyre- 
loom. As regards the American and British pre- 
ference for little or much sulphur, speakers differed 
decidedly, as they did also as to the hardening 
and softening of rubber. Dr. Stevens thought 
perishing by hardening more frequent than perishing 
by softening. Mr. Porteous ascribed the hardening 
of cables to over-vulcanisation and the softening to 
under-vulcanisation: accelerators were not used 
by his firm in cable-making because the durability 
of such products, for them of supreme importance, 
was still uncertain. Dr. Schidrowitz agreed as to 
softening by under-curing, a question which also 
affects rings for water meters. The accelerator 
problems will more fully be discussed on other 
occasions. Neither chemists nor electrical engineers 
have so far been strongly represented in number at 
the meetings, and their active participation is 
highly desirable. 





TRADE UNIONISM IN INDIA. 


Tue realisation of India’s industrial ambitions, to 
which so much attention has been given lately, was 
bound to involve sooner or later a careful con- 
sideration of the labour position in India, and in 
particular the development of trade unionism. The 
Indian Government has given this part of the 
industrial problem very close attention and has 
decided that, both in the interests of employers 
and employees alike, it is highly desirable that every 
facility should be afforded for the organisation of 
labour in the right direction and “along healthy 
lines.” A close study has been made of trade 
unionism in England in all its various aspects, and 
it is apparently intended that this should serve as 
a model for India, at least in the legislation which 
it is proposed to introduce for the registration and 
protection of trade unions in that country. 

It is doubtful, however, if this is the wisest course 
to pursue, and the Bombay Chamber of Commerce 
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has very rightly urged upon the Government the 
vital importance of approaching the problem from 
the entirely different standpoint of Indian con- 
ditions instead of merely copying the latest legisla- 
tion in England. That the conditions are very 
different is obvious enough; the unions, in the 
first place, are on a much smaller scale, almost 
embryonic in fact, and in the second place there is 
vey little cohesion or desire to work together for 
a dommon end. For example, the Bombay Central 
Labour Federation, the largest union in the Bombay 
Presidency, had asked the local millowners to allow 
the union officials to carry on their activities inside 
the mill compounds themselves as the Federation 
found it often impossible to get the operatives to 
sign even their membership forms outside the 
factory gates. Then again much of the labour is 
of a migratory nature, and the workers in two of 
India’s largest industries combine industrial with 
agricultural work to an extent not known in Europe, 
so that there is a constant passing from town to 
country and vice versd. A further point is that the 
unions, instead of being managed by the workers 
themselves, are in the hands of a few outside pro- 
fessionals ; and this state of affairs must of necessity 
continue until education is more widely diffused 
among the working classes. Meantime it is difficult 
to get at the real feelings and wishes of the rank and 
file, in the absence of proper representatives. It is 
therefore suggested that the proposed legislation in 
India should include clauses providing (1) that 
election to the managing body of a registered union 
should be by ballot of all the working members, and 
that statutory provision should be made for a 
majority of that body to consist of past or present 
working members of the union ; and (2) that 
employers should be entitled to insist on inter- 
viewing the whole of such managing body during 
negotiations. 

In the legislation proposed there would seem to 
be little real inducement for a trade union to register 
unless certain immunities from legal obligations are 
given and increased facilities for picketing are 
granted. That is to say, the cruder and rougher 
forms of trade unionism would probably appeal 
most to the Indian worker, especially as his union 
would have very little, if any, money collected for 
co-operative purposes. It is, however, extremely 
undesirable that any such immunities or facilities 
should be granted, and it would therefore appear 
that registration, if carried out at all, would have 
to be compulsory. It is also essential that the 
proposed legislation should set forth the aims and 
objects of trade unions, but the right to utilise the 
funds, if any, for political purposes should be with- 
held for the present. 





NOTES. 
Private WIRELESS IN FRANCE. 

Tue Paris journal, La Nature, having frequently 
been asked by private owners of wireless receiving 
installations whether they could employ trans- 
mitting apparatus in addition, states, in reply, that 
the Under-Secretary for Posts and Telegraphs has 
now issued a communication from which it appears 
that private persons have the option of employing 
transmitting apparatus. The rules and regulations 
in force since 1920 covering the installation and 
use of wireless stations apply both to wireless tele- 
phony and to wireless telegraphy. The companies, 
firms or private persons who wish to utilise such 
means of communication, must send to the Posts 
and Telegraphs Department, together with their 
application for the necessary authorisation, a list 
of the apparatus which they intend to use, specify- 
ing the technical characteristics, giving the name 
of the manufacturer, and indicating the nature 
of the communications to be established. The 
stations, when authorised, are installed, operated 
and maintained at the cost of the company, firm or 
private person using them. Telegraphic or tele- 
phonic communications established by means of 
such stations are subject to inspection by the State 
and to the same royalty as is charged for private 
wires. This royalty, as determined by the law of 
March 29, 1920, is 45 francs per year and per kilo- 
metre distance between two stations corresponding 
with each other (58s. per year per mile). Private 
communications thus authorised, whatever be their 


nature, are intended in the main to be used over 
comparatively short distances, but the Posts and 
Telegraphs Department is considering the extension 
of the scheme to cover greater distances. This 
action by the French authorities is extremely 
interesting in view of the attitude of the British 
Post Office towards private communications by 
wireless. 


WaTER DIVINING IN THE EAST. 


To those persons who are adepts at water divining 
the following Eastern methods of ascertaining sites 
suitable for locating wells may be of interest. A 
ryat or villager who wishes to excavate a well 
generally has not sufficient capital to go to any 
great depth in search for water, his objective being 
to locate a spot in his field where water can be 
obtained in moderate quantities and at a convenient 
depth. The method of divining is to drive a flock 
of sheep on to the field in which he purposes to 
sink a well, and to keep them without water. As 
the sheep get thirsty they will gradually congregate 
together with their heads pointing towards the 
ground. The place where the sheep congregate, 
and the spot towards which the heads of the sheep 
point is the locality where water is likely to be 
found nearer the surface than any other place in 
the field. Another method in the case of a large 
field which has trees of the same species growing 
on it is to observe the place where the trees are 
larger and more luxuriant than other trees of the 
same species in the field. A well sunk at this place 
is more likely to tap water nearer to the surface 
than any other place in the field. A third method 
in the case of a large area in which it is proposed to 
sink a well is to inspect the natural surface drains 
or runlets that carry off the rainfall from the sur- 
face of the ground under investigation. At the 
place where the main surface drain alters its gradient 
to a flatter slope is the most likely spot at which 
water can be struck nearest to the surface. 


UNDERGROUND TELEPHONE Ducts in LONDON. 


Few people have really any idea of the complica- 
tions which now arise in laying additional mains of 
any kind below the roadways in many parts of the 
City of London. It will be remembered that! 
recently a paper was read suggesting that subways 
should be made for mains and service lines. How, 
if large enough to accommodate all the services 
which have to be provided for, these would facilitate 
alterations and additions, may be gathered from 
an account which has appeared in the January Post 
Office Electrical Engineers’ Journal, of the laying of 
new telephone ducts in Ludgate Hill. The number 
of these ducts in use is not generally realised. In 
the immediate neighbourhood of the Trunk and City 
Exchange, and the Central Exchange, there are no 
less than 110 telephone ducts underground. Under 
Queen Victoria-street the number is 90, Addle-hill 
has 65, and Ludgate-hill for some distance 56. 
Recently a new set of ducts have been put in con- 
necting Fleet-street with the Trunk Exchange, via 
Ludgate-hill, and it is this piece of work which is 
more specifically described in the article referred to 
above. The route involved the laying of 56 octa- 
gonal ducts across St. Paul’s Churchyard, where 
traffic conditions were of such a character that 
trenching was impossible, and in one section a 
tunnel 61 ft. long had to be resorted to at a depth of 
11 ft. 6 in., with heavy timbering, owing to the light 
nature of the soil. In this neighbourhood the line 
traversed various old remains supposed to belong to 
Roman baths and temples, while a little further a 
main sewer, 5 ft. 6 in. by 4 ft. in diameter, had to be 
negotiated. The level of this was slightly altered 
to allow the nest of ducts to cross. Then the post 
office heavy power system had to be crossed at 
right angles. Between the Old Bailey and Ludgate 
Circus there were many obstructions, and the depth 
of trenching had to be increased. The crossing of 
the Circus was full of complications. The Fleet 
culvert had to be crossed and various other conduits 
and culverts had to be passed, with often very 
little spare room between them, so that the normal 
formation of seven or so superposed rows of eight 
ducts each had to be considerably modified in order 
to pass through the available space. The account 





gives a good idea of one of the many interesting jobs 


constantly proceeding in our midst, of which the 
average man, as he passes to and fro on business, 
is absolutely unaware. 





NOTES ON NEW BOOKS. 

The steadily increasing popularity of reinforced 
concrete should have a very healthy influence on the 
profession of architects. The architect can no longer 
rely solely on precedents derived from the study of 
the works of dead and gone predecessors, but must 
think out for himself the best methods of handling the 
new material. He must, moreover, acquire a more 
extensive and sounder knowledge of mechanical 
principles than was at all common in the profession 
twenty-five years ago. The necessity of economising 
material compels him, moreover, to settle by com- 
putation problems which would formerly have been 
solved by precedent, and these calculations are not 
merely tedious, but are subject to arithmetical errors. 
For this reason diagrammatic methods of determining 
necessary proportions are being steadily developed, 
and those interested in such matters will find an 
excellent selection in ‘‘ Simplified Methods of Calculating 
Reinforced Concrete Members,’ of which a second 
edition has just been published by Sir Isaac Pitman and 
Sons, Limited, at 5s. net. The authoris Mr. W. Noble 
Twelvetrees, M.I.Mech.E. 





It requires some courage at the present time to 
attempt to deal with two such vast subjects as fuels 
and refractory materials in one volume, and we cannot 
say that Dr. W. B. Davidson, F.I.C., of Newcastle, 
has successfully done so in his revised and enlarged 
edition of Professor A. Humboldt Sexton’s “ Fuel and 
Refractory Materials.” The new edition [Blackie and 
Son, Limited, 50, Old Bailey, E.C.; price 12s. 6d. 
net] devotes 35 pages, about one-tenth of the whole 
volume, to refractory materials. Most of the references 
in that section are to Percy’s “ Metallurgy,” and re- 
ferences are altogether so scanty in this book that the 
reader will be more impressed with Dr. Davidson’s 
statement that he has not found it necessary to make 
drastic alterations in the original text, than with the 
thoroughness of his revision. Page 87 deals with coalite 
without mentioning that a later section of 10 pages, good, 
but too brief, discusses low-temperature carbonisation. 
In that section we find mention of ‘‘ Smith’s patents ”’ 
without any further particulars. The section on coke- 
ovens describe the Appolt (non-recovery) ovens some- 
what fully, gives a dozen lines to the Koppers ovens, 
and illustrates the Bauer oven from ENGINEERING ; 
no date is given there, nor in the description of the 
Duff producer, also quoted from our columns. That 
a plant for the recovery of the potash salts from blast- 
furnace gas has been introduced at Skinningrove is 
mentioned on page 202; but nothing is said as to the 
extensive literature on the subject. On page 84 we 
read that the density of coke varies very much, and 
three sets of figures are given: Coppée, apparent 
density. 1:01, 0-77; Beehive 1-11; real density 
1-81, 1-76, 1-78. These figures are not explained in 
any way. We do not complain that the “ quite recent 
new views as to the constitution of coal have not been 
incorporated,” but we expected a more modern treat- 
ment of gas-producer problems. 





Disintegrating machinery may be considered a 
type of labour-saving devices likely to meet with the 
approval of most labourers. Next to arms, which take 
the lead in everything by which civilisation advances, 
disintegrating appliances are perhaps among the oldest 
that deserve the designation of machinery. Modern 
books on technology and chemistry generally devote 
an opening chapter to Such machinery. The chemist 
and metallurgist has to crush and pulverise his raw 
materials at different stages, as well as to grind the 
finished product, and frequently to break up the stored 
product once more because the powders and crystal- 
conglomerates have turned into lumps of stone hard- 
ness. Die Zerkleinerungs-V orrichvungen und Mahlan- 
lagen, of Carl Naske |Leipzig, Otto Spamer, price 
160 marks], deals with these subjects under the main 
headings: Machinery for crushing and for graining, 
mills—the term to comprise any machine which yields 
a powdery product—sieves, conveyors, dust removal, 
packing and storing, and descriptions of plants. The 
third enlarged edition before us has quickly followed 
the second of 1918, and we find such novelties as the 
Plauson colloid mill and machines for re-grinding caked 
potash salts duly noticed. The information given 
on electric dust precipitation is very scanty, however ; 
we should at least have a reference to a good recent 

per on Cottrell plants. The Siemens-Schuckert 
Werke, which have such installations of their own, will 
hardly be satisfied with the few words on their patents. 
Among further novelties we notice the pendulum rolls 
of Lihnert, in which one roll of a pair is so mounted 
on a fork that it can only be displaced parallel] to itself. 





The section on complete plants, which covers 48 out 
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of a total of 329 pages, should always mention the 
locality and should refer to detailed descriptions. 
There are 415 text figures in this instructive volume. 
A better index should have been compiled. 





We have already noticed several of the very useful 
Technical Records of Explosives Supply, 1915-18, 
which the Ministry of Munitions began to issue at the 
close of the war, and which the Department of Scientific 
and Industrial Research is completing. No. 4 of these 
Records, “The Theory and Practice of Acid-Mixing” 
[H.M. Stationery Office, 12s. net] is, like the others, 
compiled by Mr. W. Macnab, F.I.C. The three sections 
of the small octavo publication of 93 pages, illustrated 
by 22 figures and plates, deal with Acid Cycles, Acid 
Balances and Control of Plant Output, with the 
Position of the Acid-Mixing Plant in the Acid Cycles 
and the Procedure adopted in Mixing, and with Plant 
and Process for Acid-Mixing, and are therefore ot a 
wider scope than acid mixing alone might be thought 
to indicate. Even in this extended form one might 
think that the subject hardly required a whole volume 
of its own. But very elaborate calculations are 
involved when acids of various strengths, drawn from 
a large number of different sources during the manu- 
facture of the acid and during its recovery from the 
explosives departments, are to be worked up to an 
acid of a certain strength, and the detailed information 
given on the construction of preliminary blending and 
storage tanks, on mixing gear, on pipe lines and their 
trestles, and on the cooling of mixers, will be as much 
appreciated by specialists as the theoretical considera- 
tions and the examples worked out and flow sheets 
reproduced. 


Except as regards cotton, all vegetable fibres are 
only prepared in a state fit for spinning by more or less 
tedious and disagreeable labour being spent upon the 
raw product. The fibres are usually associated in the 
plant with woody and gummy substances from which 
they have to be separated, and the work of doing this 
is included in the general name of decortication. 
“The Decortication of Fibrous Plants”’ |John Bale 
Sons and Danielsson, Limited, Great Tichfield-street, 
London, W. 1, price 4s. net] is an enlargement of a 
paper read by Mr. H. R. Carter, at the Ghent Congress 
of the Textile Institute in 1913, and appears as an 
illustrated book of some 80 pages. It deals with the 
treatment of sjzal, phormium, hemp and other fibres, 
but principally with the processes employed in the 
preparation of the fibre from flax. The book conveys 
a very clear idea of the kind of work involved in pre- 
paring fibres of various kinds, and is likely to interest 
all those concerned with the problems of decortication, 
retting, scutching, &c. 

Paint is one of those commodities of which engineers 
use a great deal and know very little. The average 
engineer will find a good deal of useful information 
about the subject, especially from his own point of 
view in “‘ Red Lead and How to Use It in Paint,” 
by Alvah Horton Sabin, D.Sc. [London, Chapman, 
and Hall, Limited, price lls. 6d. net]. The book is 
racily written and punctuated by aphorisms and com- 
ments which show the author to have a shrewd and 
practical mind. Engineers who “ would keep their 
bridges free from rust with whitewash”’ are dismissed 
with the remark that “‘ It does not matter much what 
such people use.” And again, “ It does not pay to be 
at the mercy of somebody else’s purchasing agent, 
who may know the price of everything and the value 
of nothing.” The author is an American, and the book 
relates exclusively to American practice, although 
much of the information and advice is equally valuable 
in any country. Readers, however, must beware of 
the fact that the gallon used throughout the book 
is the American gallon equivalent to 8-33 lb. of water. 

In no department of engineering has empiricism 
ruled more triumphantly than in the matter of lubri- 
cation. Of course, under favourable conditions any 
fluid will act satisfactorily as a lubricant, and, thanks 
to Osborne Reynolds, the mechanism of lubrication 
in such cases is now pretty familiar. In other 
cases, however, the only satisfactory method of dis- 
criminating between two lubricants is to test them in 
service. When this is impracticable even experts may 
prove mistaken, as was clearly demonstrated some 
years back when a prominent firm of lubricant makers 
put on the market an oil, specially compounded to 
be free from the vice of sludging, but which, in spite 
of successful laboratory tests, proved utterly useless in 
service. The adage that the proof of the pudding lies 
in the eating applies nowhere more completely than 
to difficult problems in lubrication. A main virtue 
of the treatise on “ Fuel and Lubricating Oils for Diesel 
Engines,’ by Mr. W. Schenker, is that it is a record of 
the results of extensive experience with Diesel engines. 
The volume, which is published by Messrs. Constable 
and Co., Limited, at 10s. net, should prove extremely 





serviceable to Diesel engine users. The author, whilst 
discussing general principles adequately, does not stop 
at this, but gives elaborate tables showing the physical 
peculiarities of satisfactory fuels and lubricants, as 
determined at the Swiss Federal Fuel-testing labora- 
tories at Zurich, anc by Messrs. Sulzer Brothers. The 
fuels dealt with in these tables range from coal tars, 
and the various mineral oils, up to vegetable oils such 
as rape oil and castor oil. As matters stand at present 
mineral oils are cheaper than vegetable, but this 
condition may not be permanent, and it is accordingly 
of interest to note that the author states that vegetable 
oils are very suitable for burning in Diesel engines. 
Considerable space is devoted to describing apparatus 
for and methods of testing both fuel and lubricating 
oils, but we note that viscosities are expressed in 
arbitrary units, and that the viscometers described 
and recommended are of the old type, tedious in use 
and giving relative viscosities only. The author seems 
unacquainted with the Michell viscometer, which gives 
the viscosity directly and accurately in C.G.S. units 
with a minimum of trouble and expenditure of time. 





THE LATE DR. J. J. SULZER-IMHOOF. 


We regret to find in the Schweizerische Bauzeitung the 
announcement of the death, which occurred on the 
6th inst., at his residence in Winterthur, of Dr. J. J. 
Sulzer-Imhoof. The deceased was the last surviving 
member of the second generation of the Sulzer family 
connected with the firm of that name, being a son 
of Mr. Solomon Sulzer, one of the original founders 
of this Swiss firm of engineers, whose name has been 
known throughout the world for many years past. 

Dr. Sulzer-Imhoof was born on September 30, 1855 ; 
he received his primary education at Winterthur 
the city of his birth, and he then studied in the Arts 
and Crafts College of the same city and continued his 
technical education from 1874 to 1877 in Zurich 
University. He then spent one year at Dresden 
Technical High School. Following these courses, Dr, 
Sulzer spent two years in the shops of Sulzer Brothers, 
Winterthur. In order to widen his experience and to 
improve at the same time his knowledge of French and 
English he entered the service of Messrs. Carels Fréres, 
Ghent, where he remained one year, and that of Messrs. 
Lobnitz & Co., Renfrew, and Napier and Sons, Glasgow, 
where he worked for about two years. 

Dr. Sulzer returned to Winterthur in 1883, and re- 
entered his father’s and uncle’s firm; after a period of 
activity in several of the offices, he first gave special 
attention to the construction of refrigerating machinery. 
In the year 1888, he was taken into partnership in 
the firm, together with his cousins, and he added to his 
own specialities the designing of steam engines and 
ship construction. The firm of Sulzer commenced 
experimenting with Diesel engines in 1897. Expecta- 
tions in regard to these were at first rather obscured 
by the high price of mineral oil in comparison with that 
of coal, but Dr. Sulzer never entertained a doubt as to 
the future of the new type of engine, and to his efforts 
combined with those of his cousin, the late Mr. Sulzer- 
Steiner it is due that his firm in the year 1903 decided 
to undertake the construction of Diesel engines on a 
large scale. Dr. Sulzer gave all his attention to the 
construction and the improvement of these engines. 
Very early he arrived at the conclusion that they would 
be suitable for all powers up to the highest, not only 
as stationary prime movers but also as ship propelling 
engines. The prominent position which this firm took 
in the construction of high power Diesel engines 
induced the Zurich University to confer upon him a few 
years ago the distinction of a Doctor of Sciences. 

Dr. Sulzer-Imhoof was a born engineer. He was a 
gentleman with whom one was always pleased to have 
dealing by reason of his unvarying courtesy. The 
members of the Institution of Mechanical Engineers 
visited the works of his firm at Winterthur on the 
occasion of the summer meeting held in Zurich in the 
year 1911, and his kindly reception of them will long 
be remembered. 








Personat.—Mr. Lionel Robinson, B.A., has taken into 
partnership Mr. W. E. Warrilow, A.M.1.E.E., and the 
firm, who hold the sole agency for resistance materials 
and wires of Messrs. Henry Wiggin and Co., Limited, 
Birmingham, will continue to trade as Messrs, Lionel 
Robinson and Co., of 3, Staple Inn, London, W.C, 1.— 
Messrs. W. C. and K. A. Mountain, Sun Buildings, 
Newcastle-on-Tyne, have made arrangements with Mr. 
William Walker, late Director of Health and Safety in 
the Mines Department, and formerly H.M. Chief Inspec- 
tor of Mines at the Home Office, by which, in cases 
entrusted to them where an independent expert opinion 
is required on mining questions, their clients can—if 
they wish—have the benefit of Mr. Walker’s advice. 
Reciprocally, in cases entrusted to Mr. Walker, where 
an independent expert opinion is required on electrical 
or mechanical matters, his clients can—if they wish—. 
have the benefit of the advice of the Newcastle firm of 
consulting engineers. 





YEAR-BOOKS AND ANNUALS. 


The South and East African Year Book and Guide.— 
An attractive book on any part of the African continent 
is always welcome in most libraries, whether public 
or personal, and is sure to be frequently referred to. 
A book of this class is the one for the present year 
bearing the above title, edited by Messrs. A. 8. Brown 
and G. G. Brown, for the Union-Castle Mail Steamship 
Company, Limited, and issued at the price of 5s. net 
by Messrs. Sampson, Low, Marston and Co., Limited, 
London. It covers a very wide scope and appeals to 
business men, immigrants, tourists and invalids, 
all of whom by reading its pages are enabled to settle 
accurately beforehand every item of an intended trip 
or the conditions of a permanent stay. The business 
man will find in its pages information concerning the 
mineral and agricultural resources of South and East 
Africa, industry and commerce, means of communi- 
cation from place to place, &c. Interesting information 
of a more general character is that on the geography 
and history of the various countries and islands dealt 
with. Another feature of the guide is the series of 
admirable maps and plans which it contains. The 
plans are those of Port Elizabeth, Pretoria, Durban 
and Pietermaritzburg. We believe that a plan of 
Johannesburg would be found a welcome addition. 
Reference to the information given is facilitated by a 
very complete index, 


“The Textile Manufacturer’’ Year Book, 1922.— 
The fourth issue of this year book has come to hand, 
It deals with the textile industry, from cotton sampling 
and buying, the features which characterise all the 
different varieties of cotton, the yarn combing of 
cotton and other textiles, the mixing of cotton, followed 
by chapters which describe in great detail all the 
numerous pieces of apparatus and machinery which 
enter in the spinning and weaving industries. The 
book is, in fact, a most complete guide in these indus- 
tries, one which will prove invaluable, in the first 
place, to all the members of the community, whether 
engineers, mechanics or operatives, whose speciality 
is the construction or the working of textile machinery, 
to merchants in these trades, and to all others who 
are interested occasionally only in cotton and other 
fabrics, and in the appliances for producing them. 
The information covers just upon 450 pages, closely 
but clearly printed, followed by a diary and memoranda 

ages. The book is issued by Messrs. Emmott and 
Co., Limited, 20, Bedford-street, W.C. 2, also of Man- 
chester, at the price of 3s. 6d. net. 


Year Book of the Wellington Harbour Board, New 
Zealand.—This year book, which is issued by the 
Harbour Board, contains illustrated data on all the 
harbour installations at Wellington, New Zealand, 
the berthage accommodation, cargo-handling appli- 
ances, storage facilities, repairing shops, &c., with 
historical notes on the discovery and settlement, of 
the harbour, or Port Nicholson, as it was formerly 
called. As many as 74 members of the harbour staff 
served in the war, seventeen of whom were killed or 
died of wounds or sickness, 


Almanacks and Calendars.—We have received 
from the Westinghouse Electric International Com- 
pany a leather-bound pocket-book and diary, contain- 
ing, in addition to the usual features, a large amount 
of technical and other data.—Also a daily tear-off 
calendar from Messrs. Crane-Bennett, Limited, con- 
tractors to H.M. and Allied Government, 45 to 51, 
Leman-street, E.1; a monthly tear-off calendar from 
The D.P. Battery Company, Limited, Bakewell, Derby- 
shire; and calendar notebooks from Messrs. Barford 
and Perkins, Limited, Engineers, Peterborough ; also 
from Messrs. The Beldam Packing and Rubber Com- 
pany, Limited, 29, Gracechurch-street, E.C., a monthly 
tear-off calendar, depicting the White Star Line R.MLS. 
Majestic. At thé time of going to press, a wall 
calendar reaches us from Messrs. A. West and Partners, 
91 to 98, Petty France, 8.W., printed on their 
planifer prussiate paper; and a daily tear-off calendar 
from Messrs. Pirelli and Co,, 144, Queen Victoria- 
street, E.C. 4. 





“La France.’’—This illustrated weekly journal in 
French, the first issue of which we noticed at the time, is 
still being regularly published in the same form by 
Messrs. Evans Brothers, Limited, Mon © House, 
Russell Square, W.C. 1. This, we believe, is proving a 
most attractive aid in the study of the French language. 


PHYSICAL AND CHEMICAL SURVEY OF THE NATIONAL 
Coa Resources.—The Fuel Research Board have made 
arrangements for the recognition of the Lancashire and 
Cheshire Coal Research Association as the local Com- 
mittee working under the Board for the purpose of 
dealing with the physical and chemical survey of the coal 
seams in this area. The Chariman of the Committee is 
Mr. Robert Burrows, and the Director of Research 


Mr. F. 8. Sinnatt. 
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THE WORLD’S SHIPBUILDING. 

A NOTEWORTHY feature of the world’s merchant 
shipbuilding industry for the year 1921, which appears 
from the statistics just issued by Lloyd’s Register of 
Shipping, is that while the production of the more 
important shipbuilding nations shows a very material 
reduction in each case, the figures for several of the 
smaller nations constitute records. The combined out- 
puts of the latter, however, are insufficient to balance 
the reductions which have taken place in the produc- 
tions of the larger nations, so that the tonnage launched 
in the whole world during 1921 has diminished by 
about 1,520,000 tons, or 26 per cent., in comparison 
with the previous year, and by about 2,800,000 
tons, or nearly 40 per cent., in comparison with 1919, 
which, it will be remembered, constituted a world’s 
record. The 1921 production, however, is still greater 
by over 1,000,000 tons (i.e., about 23 per cent.) than 
that for the pre-war record year of 1913. In that year, 
the total tonnage launched was 3,332,882, and the 
corresponding figures for the last three years were 
7,144,549 tons, 5,861,666 tons, and 4,341,679 tons, 
respectively. The decline in production during 1921 
has been greatest in the case of the United States, 
but the figures for the United Kingdom and Japan are 
both considerably lower than those for 1920. The 
countries for which increased production has to be 
recorded are France, Holland, Italy, Denmark, Norway 
and Sweden, -and the tonnages launched by each of 
these countries, excepting Norway, are greater than 
has ever been previously recorded. Following our 
usual practice, however, we propose to deal separately 
with the figures for each of the more important 
countries, 

United Kingdom Production.—The merchant vessels 
launched in the United Kingdom during 1921 num- 
bered 426, and had an aggregate gross tonnage of 
1,538,052, the latter figure being 517,572 tons, or 25 
per cent., lower than that for the previous year, which 
was a record. It should be noted, however, that the 
tonnage launched in this country now forms a much 
emaller proportion of the world’s total than was the 
case in pre-war times, last year’s proportion being 
about 35-5 per cent. as compared with 58 per cent. 
for 1913. Moreover, the proportion of last year’s 
tonnage destined for foreign owners is considerably 
greater than was formerly the case. For the five years 
immediately prior to the war, the average percentage 
of merchant tonnage built in this country for export 
was about 22-3, whereas last year the proportion 
amounted to 38-5 per cent. of the total. Norway was 
our best customer during 1921, 134,551 tons being 
launched for owners po. Be in that country, while 
127,854 tons were launched for French owners and 
123,811 tons for Dutch owners. 

Of the 426 vessels launched during the year, 371, 
with an aggregate gross tonnage of 1,429,757, were 
steamers, 28, making 102,356 gross tons together, 
were motor vessels, and the remaining 27, totalling 
5,939 tons, were barges; it should be noted that not 
a single sailing vessel was launched in the period under 
consideration, The four largest vessels launched 
during the past year were the Laconia (19,730 tons), 
the Windsor Castle (19,000 tons), the Conte Rosso 
(18,500 tons), and the Tuscania (17,250 tons), but 20 
other vessels of 10,000 tons and upwards, and 103 
of between 5,000 tons and 10,000 tons, were floated. 
The average tonnage of all vessels launched comes out 
at 3,840, but excluding those of less than 500 tons, 
the average figure for the year was 4,602 tons. The 
corresponding figures for the five preceding years were 
4,387 tons for 1920, 4,006 tons for 1919, 4,593 tons 
for 1918, 4,933 tons for 1917 and 4,080 tons for 1916. 

The great increase in the use of steam turbines for 
propulsion, referred to in our article on page 102 of 
volume cxi when dealing with the figures for 1920, 
has been continued during 1921, for which year 70 
of the vessels launched, having a total tonnage of 
624,487, were designed for this form of propulsion ; 
practically all of them will employ reduction gearing. 
As previously mentioned the motor ships launched 
during the year number 28, and have a total tonnage 
of 102,356 ; the largest vessel of this class is of about 
9,500 tons, and 11 of them are of 5,000 tons or over. 
Neglecting vessels of less than 1,000 tons, the returns 
show that of the vessels launced during the year, 38, 
making 250,500 tons together, are intended for the 
transport of oil in bulk, and 27 of these ships, with 
an regate tonnage of 195,000, were constructed 
with longitudinal framing on the Isherwood system ; 
two other vessels of 14,000 tons were also built on this 
system. 

The accompanying Table I gives the output of the 
principal shipbuilding districts of the country for the 
past three years, and naturally shows, in most cases, 
a considerable reduction for last year. The Glasgow 
district, of course, occupies the first place in order of 
magnitude of production, with an output of 358,347 
tons, and including Greenock, which has turned out 
146,842 tons, the Clyde accounts for 505,189 tons, or 








about one-third of the total tonnage launched in the 
United Kingdom. The Clyde tonnage is, however, 
175,277 tons less than the corresponding figure for 
1920. The second place is taken by Newcastle, where 
354,813 tons have been launched during the year, and 
Sunderland, Middlesbrough and Belfast (including 
Londonderry) follow with 144,280 tons, 129,559 tons 
and 106,071 tons respectively. In comparison with 
the previous year, the decrease for the Wear amounts 
to 170,174 tons, and for the Tees to 105,013 tons. 
Barrow is the only district for which a notable increase 
in output has to be recorded. 


Taste I.—Showing the Number and Tonnage of Mercha 
Vessels Launched in the Princi i a 























pal ng 
Districts in the United Kingdom during ree 
Yeare 1919-1921. 
Total Total Total. 
1919. 1920. 1921. 
District. 
No.| Tons. }No.| Tons. | No. | Tons. 
(Gross.) (Gross.) (Gross ) 
Aberdeen .. -.| 24 9,572 | 19 | 12,403 | 12 | 12,891 
Barrow, Maryport 
and Wor mi] 6& 8,992 | 6 | 37,480 | 7 | 63,617 
Belfast and n- 
donderry .+| 87 | 218,720 | 26 | 138,709 | 17 | 106,071 
Dundee... --| 10 | 15,198) 10 | 32,797 | 10 | 16,740 
Clyde— 
Glasgow . 136 | 337,080 |133 | 457,082 | 81 | 358,347 
Greenock 58 | 188,717 | 47 | 223,434 | 34 | 146,842 
Hartlepools --| 20 | 82,288 16 | 73,221) 6] $4,101 
ull -| 48 | 20,326) 42 | 30,588 | 16 | 31,231 
Leith «| 14 ‘ 17 | 836,517 | 10 | 17,036 
Live Bola --| 19 | 88,165) 34 | 46,938 | 27 | 51,087 
Middlesbro’, Stock- 
ton and Whitby 119,043 | 44 | 195,452 | 28 | 129,559 
Newcastle .. 64 | 239,836 | 83 | 365,775 | 73 | 354,813 
Sunderland 64 | 274,288 | 67 | 314,454 | 30 | 144,280 














Other Countries.—The British Dominions and foreign 
countries between them have launched 951 merchant 
ships with a total tonnage of 2,803,627, and the outputs 
of the principal countries are given in Table II on 
the opposite page for 1892 to 1921 inclusive. The 
figures for the United Kingdom are also given in this 
table for comparison. Of the vessels launched abroad, 
698, making 2,537,976 tons, were steamers; 108, 
making 204,286 tons, were motor ships; and 145, 
making 61,365 tons, were sailing vessels and barges. 
In comparison with the corresponding figure for 1920, 
the foreign output shows a decrease of 1,002,415 tons, 
and in comparison with that for 1919 of 2,720,480 
tons. It is still, however, considerably larger than 
that for 1913, which amounted to 1,400,729 tons. 
Taking the latter figure as 100 the corresponding figures 
for 1918, 1919, 1920 and 1921 would be 292-6, 394-4, 
271-7 and 200-2. 

United States.—Although the 1921 figures given in 
Table II for the United States show a reduction in the 
neighbourhood of 1,500,000 tons in comparison with 
those for the previous year and of over 3,000,000 tons 
in comparison with those for 1919, the total production 
of that country is greater than that of any other foreign 
country and represents about 36 per cent. of the total 
tonnage launched abroad. The reduction, it appears, 
has been general throughout the country, the tonnage 
launched from Pacific yards representing 55-7 per 
cent. of that for 1920, while that for the Atlantic and 
Gulf ports represents about 38 per cent. On the Great 
Lakes the tonnage launched last year was less than 
9 per cent. of the figure for 1920. The production of 
the whole country amounts to 173 vessels with an 
aggregate tonnage of 1,006,413, and includes 53 
steamers of between 4,000 tons and 7,000 tons each, 
50 of between 7,000 tons and 10,000 tons each, and 
18 larger vessels. Among the latter is included the 
88. Bethore, of 15,300 tons, launched from the Sparrow’s 
Point Yard of the Bethlehem Shipbuilding Corpora- 
tion. This vessel, it may be mentioned, is the largest 
launched during the year by any foreign country. 
Excluding all vessels of less than 1,000 tons, the 
returns show that 33 ships, with a total tonnage of 
about 228,000, will be propelled by steam turbines, 
and 11, making 35,000 tons, are to be fitted with 
internal-combustion engines. The tank steamers 
launched in the United States during the year under 
review numbered 92, and amounted to about 690,000 
tons together. The majority of these vessels (86 with 
a total tonnage of 670,000, to be exact) were con- 
structed on the Isherwood system, which was also 
employed for 9 other vessels, making some 76,000 
tons. 

Germany.—The figures which are now available for 
this country for the first time since 1913, show that 
Germany now takes second place among foreign ship- 
building nations, having launched 242 vessels, with a 
total tonnage of 509,064 during 1921. It will be seen 
from Table II that last year’s figure is about 44,000 
tons (or say 9} per cent.) higher than that for 1913, 
and it should also be noted that the 1921 tonnage 
represents over 18 per cent. of the total tonnage 
launched abroad during the year. The German total 





tons, 13 of between 7,000 tons and 10,000 tons, and 
one of about 14,000 tons. The figures also include 
17 yessels, of 72,777 tons together, to be propelled by 
steam turbines, and 7, making 28,839 tons, to be fitted 
with oil engines. 

Holland.—Table If shows that the tonnage of 
merchant vessels launched in Holland has increased 
rapidly during the last four years, so that the produc- 
tion for 1921 was more than double that of any pre- 
war year. The total output for the year under review 
was 232,402 tons comprised in 98 vessels, of which 16 
were of between 4,000 tons and 7,000 tons each, and 
4 between 8,000 tons and 9,600 tons. Excluding 
vessels of less than 1,000 tons, 13, ships with a total 
tonnage of 81,000 will be fitted with steam turbines, 
while internal-combustion engines will be used for the 
propulsion of 9 vessels ranging from 6,000 tons to 
8,500 tons, and of 3 vessels making about 12,500 
tons between them. The returns for Holland, it may 
be remarked, do not include vessels intended for river 
navigation exclusively. 

Japan.—In this country only 43 vessels, with a total 
tonnage of 227,425, were launched in 1921, as com- 
pared with 140 vessels, making 456,642 tons, in 1920, 
and 133 vessels, making 611,883 tons, in 1919. Last 
year’s production is thus less by over 50 per cent. 
than that for the previous year, though it still exceeds 
the combined output of the five years immediately 
preceding the war by over 30,000 tons. The figures 
for 1921 include 21 vessels of between 4,000 tons and 
7,000 tons each, 8 of between 7,000 tons and 10,000 
tons each, and two larger turbine-driven steamers 
coming between 10,000 tons and 10,500 tons. Altogether 
5 steamers, making 43,683 tons in the aggregate, will 
be fitted with turbines, and 3 vessels, making 21,058 
tons together, are intended for the transport of oil in 
bulk. 

France.—The French output for 1921 amounted to 
210,663 tons comprised in 65 ships, and exceeded that 
of the previous year by 117,214 tons, or 125 per cent. 
The figure, in fact, constitutes a record for this country, 
being nearly 10 per cent. higher than that for 1902, 
the previous record year. It is interesting to note 
that the figure for 1902 included over 146,000 tons of 
sailing vessels, whereas last year’s sailing tonnage 
amounted to less than 6,000. Practically the whole of 
the French merchant tonnage launched in 1921 con- 
sists of steel steamers, which account for 204,735 tons 
in the aggregate. Of these 11 are of between 4,000 
tons and 7,000 tons each, and the same number come 
between 7,000 tons and 10,000 tons each. One larger 
vessel, with a tonnage of 10,741, has also been placed 
in the water, and for this ship, as well as for another 
vessel of 4,618 tons, the turbo-electric system of pro- 
pulsion has been adopted. Including these two vessels, 
the total number of ships launched last year in which 
turbines will be employed is 11, and their aggregate 
tonnage is 62,882. In addition to the production of the 
French yards, 28 ships, making 127,854 tons together, 
have been launched in the United Kingdom for French 
owners during the year, so that the French mercantile 
marine is undergoing considerable development. 

Norway, Sweden and Denmark.—The combined pro- 
duction of the Scandinavian countries in 1921 amounted 
to 194,607 tons (99 ships), and was thus 31,260 tons 
(19 per cent.) higher than that for 1920. The increase 
has been greatest in the case of Denmark, amounting 
to 16,569 tons for that country, 12,603 tons for Norway 
and 2,088 tons for Sweden. An inspection of Table II 
will show that the figures for both Denmark and Sweden 
are the highest yet recorded for those countries, but 
the Norwegian production was less than that of several 
pre-war years. The Norwegian record was reached in 
1915, when 62,070 tons were launched, and the 1921 
figure is about 17 per cent. lower. The above-men- 
tioned figure for the three countries includes 8 vessels 
of between 4,000 tons and 7,000 tons each launched in 
Sweden, 3 between the same limits in Norway and 2 
in Denmark. The latter country, however, also 
launched 3 motor ships of over 7,000 tons each, 2 of 
them being vessels of about 8,700 tons each. It is 
interesting to note that 13 steel motor ships, with a 
total tonnage of 44,828, were launched in Denmark 
during the year, the tonnage figure being larger than 
that of any other country with the exception of the 
United Kingdom. 

Italy.—The Italian production for 1921 also con- 
stitutes a record for that country, amounting to 
164,748 tons (85 ships), the tonnage figure being 
nearly 24 per cent. higher than that of the previous 
year and practically double that of 1919. The average 
annual production of the country for the five years 
1909 to 1913 was about 29,500 tons, so that last year’s 
production is more than five times that of an average 
pre-war year, but it must be borne in mind that the 
production of the Trieste district is now included in 
the Italian returns; the output of that district repre- 
sents about 25 per cent. of the total for 1921. It 
should also be remembered that of the vessels now in 
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figure is the lowest recorded since March, 1918. The | 
corresponding for December 1, 1921, was 99 per 
cent., and that for January 1, 1921, was 165 per cent. 





Interesting information is contained in the review 
on the iron and steel trades recently issued by Messrs. 
William Jacks and Co., 5, East India-avenue, E.C. 3, 
and 18, Bennett’s-hill, Birmingham. They say that 
since the slump in 1879, no more difficult period has 
ever been experienced than that through which the 
Cleveland iron trade has passed during the last twelve 

onths. Cleveland has not only lost its overseas 
Lisiot. which in pre-war days represented a trade of 
about three-quarters of a million tons per annum, but 
in addition the home markets have been invaded, and 
for months past Cleveland ironmasters have had the 
mortification of witnessing a constant stream of pig- 
iron pouring into the Tees from continental ports, 
whilst their own blast furnaces were standing idle. 
Our imports of pig-iron from abroad to Middlesbrough 
for the four months from August to November actually 
exceed the total exports for the whole year. The 
plunge to disaster was rendered deeper and more rapid 
by the ill-advised action of the coal miners n their 
declaration of industrial war. The miners themselves 
suffered severely, but their sufferings were as nothing 
compared with those inflicted upon the iron and steel 
trade, and upon those who depended upon that trade 
for their livelihood. Local steel makers, though in 
most cases owning their own blast furnaces, have pre- 
ferred to keep these idle, and to use foreign pig-iron 
and scrap in their steel furnaces, rather than face the 
high costs of production involved in melting their own 
pig-iron. The ironmasters have not only sacrificed all 
profits, but are actually now producing at a loss, whilst 
the wages of blast furnacemen have fallen from 170} 
per cent. to 36 per cent. above the standard. The wages 
of the Cleveland ironstone miners have fallen by about 
7s. to 8s. per day, and that is not the limit of their 
sacrifice, as the few who are working are usually unable 
to get more than three or four shifts per week. Taking 
the iron and steel trade as a whole, the average wages 
paid in Great Britain fell from 51. 7s. 11d. per week in 
September, 1920, to 3/. 14s. 2d. in September, 1921. 
The costs of production are steadily falling, and it is 
hoped that the railway companies will make further 
substantial reductions ia railway rates. The review 
adds that severely as the iron and steel trade has suf- 
fered, the shipbuilding trade has been more severely hit, 
and at the moment there appears to be little prospect of 
any improvement in the near future. A very disquiet- 
ing feature is the large amount of repair work that would 
normally come to the north-east coast yards which is 
going to Sweden, Holland and other continental 
countries. It is humiliating to see in a Gothenburg 
paper a photograph of two English vessels undergoing 
repairs at that port. Under that photograph is a 
paragraph expressing gratification that Swedish yards 
were able to do work which before the war English 
owners would not have placed abroad. 

Dealing with the Welsh Tinplate Market for the past 
year, Messrs. Sim and Coventry, 110, Cannon-street, 
E.C. 4, and 22, Water-street, Liverpool, state that some 
works have been closed down for months together, 
and all the others have been partially closed or on short 
time for a longer or shorter period. It is doubtful if 
the make for the year will average 50 per cent. of the 
capacity, a state of things which would be hard to 
parallel in the history of the trade. On the question of 
the Safeguarding of Industries Act, Messrs. Sim and 
Coventry express the hope that its ridiculous results 
will make the Government realise that the one thing a 
business man wants nowadays is to be left severely 
alone to manage his own business. So far as the tin- 
plate trade is concerned, it may be said that the coal 
strike could scarcely have come at a more convenient 
time. The stocks on hand at the works were esti- 
mated at 2,500,000 boxes, and the fact that on the 
conclusion of the strike there was an entire absence 
of rush and no accumulation of orders shows that 
there was very little inconvenience to the trade. It is 
an interesting question, the report adds, as to how far 
the makers have been covering their costs during the 
year. There is no doubt that. prices have been very 
close ; management in many cases might make all 
the difference between a loss and a profit. 2s. and 5s., 
and even more, per box hae been mentioned as the 
makers’ loss at different times, and there is no question 
that they have strained a point through the year to 
keep the plant going where possible, not only out of 
consideration for the employees, but also because they 
might may have lost almost as much or more in 
various ways by closing down. The consolidation and 
grouping of works has gone on during the year. This 
may be a good move, or it may not: it is another case 
where everything depends upon management and the 
principles on which the amalgamation is worked. 





A conference was held last week at Carlisle between 
representatives of the Shipbuilding Employers’ Federa- 





tion and of the Federation of Engineering and Ship- 
building Trades, on the question of discontinuing the 
payment of the flat rate bonuses which amount to 
26s. 6d. per week, which were granted to meet the 
increased cost of living. No arrangement was arrived 
at and it was decided, at the request of the Federa- 
tion, to adjourn the conference to February 8, when 
it will be held in London. We are informed that 
the employers are claiming a present reduction of 13s. 
on account of the decreased cost of living. 

The Board of Industries, United Provinces, says 
Indian Industries and Power, have recommended 
Government on the subject of Trade Unions that (a) 
the definition should be based on a specific statutory 
enumeration of aims and objects, (6) no form of poli- 
tical activity should be recognised, (c) unionism should 
cease to be illegal, (d) a union’s domestic affairs and 
internal management should be amenable to the 
ordinary law, (e) registration should be compulsory 
and provisions regarding registration should be made 
by rule (not by statute), and the registrar’s refusal 
to register should be appealable, (f) union funds should 
be governed by the law of trusts, (7) minors may join 
unions, (h) no form of picketing should be recognised, 
(#) union accounts should be subject to audit by auditors 
recognised by Government. 





The third annual general meeting of the British 
Industrial “ Safety First”? Association was held in 
Caxton Hail, Westminster, 8.W.1, on Monday, the 
16th inst. Lord Leverhulme, in moving the adop- 
tion of the report, said the movement ought to be 
supported not only on humanitarian grounds, but 
equally on the grounds of the efficiency of the trade 
and commerce of the country. Every man injured 
at his work had to be replaced very likely by a less 
efficient man, A full investigation of an accident 
invariably showed that some very simple training of 
the member of the staff would have prevented it. 
Educational work must be undertaken, and he felt 
if they could only make their appeal effective they 
would have the cordial co-operation and the help— 
though times were bad—of every trade unionist in the 
kingdom. The movement ought to appeal with force 
to the employee, who in case of accident not only 
suffered himself but caused suffering to his wife and 
children. Mr. H. E. Blain (Hon. Secretary) spoke of 
the difficulties that had to be overcome in carrying 
their movement to a success. Mr. W. Brace warmly 
supported the movement, which he described as a 
great humanitarian organisation. The report was 
afterwards unanimously carried. On the motion of 
Sir Archibald Denny, Lord Leverhulme was re-elected 
President of the Association. The list of vice-presi- 
dents was agreed to on the motion of Captain Tangye 
and Captain O’ Beirne moved the election of the general 
council, which was carried. Sir R. V. Vassar-Smith and 
Mr. J. H.Thomas, M.P.,were elected joint hon. treasurers, 
and Mr. H. E. Blain was re-appointed hon. secretary. 

The amount of unemployment in Sweden, Denmark 
and Norway is steadily increasing. In Sweden the 
number of operatives out of work has risen to 140,000, 
and the Government has drawn up a Bill asking for a 
vote of 85,000,000 kr. to alleviate unemployment. 
Of this sum 15,000,000 kr. are intended to cover State 
orders from various industries. In Denmark the 
number of unemployed has now exceeded 85,000, of 
which total some 37,000 are in Copenhagen. Before 
the war the number of unemployed averaged between 
8 per cent. and 9 per cent.; during 1920 it was a 
fraction above 6 per cent., but for 192] it was about 
20 per cent. Formerly the number of unemployed 
used to recede very materially during the summer 
months. It was only 2-7 per cent. for September, 
1920, as against 16-6 per cent. for September, 1921, 
which was the lowest percentage for any one month 
during 1921. March and December, 1921, showed the 
highest percentage, respectively 23-6 and 23-5 per 
cent. Wages in Denmark continued to fall during the 
first three quarters of 1921; figures are not yet 
available for the last quarter. The average wage 
earned for all operatives per hour had receded from 
200 dre for the first quarter to 186 dre for the second 
and to 170 dre for the third quarter. The last reduction 
is a result of the fall in the index number for August, 
2 dre for every three points. The earnings of the 
various classes of operatives during the third quarter 
were, in Copenhagen: skilled men, 229 dre; un- 
skilled men, 180 ére; women, 111 dre per hour on an 
average, the figures for the provinces being respectively 
180, 158 and 97 ére. In Norway the degree of unem- 
ployment is greater than ever, and more than 50,000 
men are out of work. (100 dre =1s. 2d.) 





Mr. R. R. Keely has an article on “ The Effect of 
Bolshevism upon Russia” in the issue for the 21st 
inst. of the American Machinist. His conclusion is to 





the effect that few in the outside world can realise 
that in Russia to-day there is a more strict and destruc- 





tive autocracy than has ever existed before. No- 
where else in the world is there so little liberty. In 
Lenin’s own words, “the object of the Communist 
Internationale is a struggle with force of arms for the 
suppression of the international bourgeoisie and the 
creation of an International Soviet Republic as a 
transition stage for the complete suppression of the 
State, &c.” According to Trotsky, “ all artisans will 
be sent into the world and transferred from one place 
to another, ‘ according to the indications of the Govern- 
ment.’ We will have no pity for the peasants: we will 
make labour armies of them, with military discipline, 
and Communists as their chiefs. The masses of the 
workmen should be moved about, ordered and sent 
from place to place in exactly the same manner as 
soldiers.” Mr. Keely states that when he expressed 
his desire to return to America, Lenin sent him to 
Rikoff, head of the Supreme Council of National 
Economy, who said: “‘ We have heard that you are 
ready to leave Russia. We are willing that you 
should go. However, it is our desire ‘ to interest 
American capital in our natural resources,’ and we 
want you to take the necessary data concerning them 
to America.” No comment on the above is needed. 





Speaking last Tuesday at a lunch offered him by the 
Imperial Commercial Association, Mr. J. R. Clynes, 
M.P., said reduced wages alone would not avail to 
enable employers to meet their difficulties. Employers 
must discover and apply other means as well to make 
success certain. But so far as the worker had to 
choose between less pay and greater output he could 
best promote his own interests by higher production, 
which would tend to iricrease his chances of employ- 
ment and raise the purchasing value of the wages he 
earned. There was a great deal of innocent misunder- 
standing in the minds of workmen owing to lack of 
knowledge of the elementary facts of political economy. 
In the recent manifesto of the joint labour bodies it 
was expressly stated, added Mr. Clynes, that it was 
in the interests of the whole community that produc- 
tion should be increased and its costs reduced. Merely 
to reduce wages gave no guarantee of lessened prices. 
The mistake on the workers’ side, Mr. Clynes further 
said, was to assume that there was some sort of 
mysterious source of wealth into which they could 
thrust their hands and bring forward any wage they 
might desire. The truth was that the volume of 
national production was the level of the wages a man 
could receive for his labour, Workmen had not 
suffered from over-production, but from under-con- 
sumption, owing to inability of other people to buy. 





The National Wages Board has given its findings on 
the application of the Scottish Railway Companies 
for a number of alterations in rates of wages and hours 
of labour. The majority report states: Wages.—The 
increases under the decision of the National Wages 
Board of June, 1920, shall be withdrawn as follows : 
Any fall in wages occurring under the sliding scale 
agreement subsequent to the date of the report shall 
be doubled until the advances given under the decision 
of June, 1920, have been absorbed (the reduction is to 
be 2s. instead of 1s. for every fall of five points in the 
cost of living index number). Night Duty.—The claim 
for discontinuing special payment for night duty has 
not been established. Junior employees.—The age at 
which a youth is regarded as an adult is raised from 
18 to 20 years; the rates of pay and of reduction are 
also modified, the rate of reduction being also doubled. 
Hours of W ork.—In the cases where economy will accrue 
men may be rostered up to nine hours a day, any time 
worked over eight hours being paid at the agreed 
overtime rate. The arrangement by which men work 
five long turns and one short turn in the week is to 
continue. A spread-over up to ten hours a day may be 
put in operation; in some cases it may be extended 
to a maximum of twelve hours per day. All the 
decisions of the majority report are to come in opera- 
tion in February 1, except where otherwise provided. 
The minority report is signed by Mr. J. Calder, North 
British Railway, and Mr. D. Cooper, Glasgow and South 
Western Railway. They find, as to wages, that the 
position of the Scottish railways is such as to necessi- 
tate an immediate reduction in wages, and they cannot 
concur in the proposal that the increases granted under 
the decision of June, 1920, should be dealt with in the 
manner suggested. In any case, relief under the find- 
ings of the Board cannot be obtained until April | 
next, and unless in the meantime the cost of living falls 
no relief whatever will be obtained even at that date. 
They do not approve of the continuance of the special 
ame for night duty, nor do they acquiesce in the 

ding that the claim for an alteration of the existing 
practice has not been established. In regard to the 
eight-hour day, the findings fall far short of meeting the 
necessity of the Scottish railways, and would only, in a 
small measure, relieve them of the enormous burden 
placed upon them by the universal application of the 
eight-hour day, a burden which neither the Scottish 
railways nor the industries in Scotland can bear. 
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CARGO STEAMER “BRYNYMOR” FOR THE POLECREST STEAMSHIP CO., LTD. 


CONSTRUCTED BY THE 
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_ Tue drawings reproduced on this page, in Figs. 1 to 4, 
illustrate an interesting type of cargo vessel, two 
of which were launched during last year by the 
Dublin Dockyard Company, Limited, Dublin. The 
first of these, the 8.8. Brynymor, was built under the 
superintendence of Mr. T. A. Reed, of Cardiff to the 
order of the Polecrest Steam Ship Company, Limited, 
whose managers are Messrs. Letricheux and David, 
Limited, of Swansea. 

The Brynymor has an overall length of 300 ft., a 
length between perpendiculars of 289 ft. 11} in., a 
breadth of 43 ft. 10} in., and a moulded depth of 
23 ft. 44 in., while the gross tonnage is 2,582, the under- 
deck tonnage 2,238, the net-register tonnage 1,545, and 
the deadweight tonnage, when loaded to summer 
draught, is 4,175. The mean s of the vessel on 
service is 10} knots, and she has been constructed 
under Lloyd’s special survey for their highest class. 
The double bottom framing is of the open cellular 
type. To give clear hold spaces, no side stringers are 
fitted, except forward where three are fitted to resist 
panting. The poop, bridge and forecastle decks are 
completely plated, while the boat deck is sheathed 
with 5-in, by 2}-in. pitch pine. Bunkers are fitted 
abreast of the engines and boilers. These bunkers are 
served by means of hatches directly overhead, so 
arranged that the lower bunkers can loaded while 





ev 


the *tween-decks are full of cargo; they can also be 
filled by a saddle-back coal shoot between the engine 
and boiler casings. In order to facilitate the carrying 
of deck cargoes, no ventilators or other obstacles are 
fitted in the wells, which are practically clear of 
obstructions. 

From the profile, Fig. 1, it will be seen that the 
vessel is provided with two large holds in which a 
centre row of pillars is fitted clear of the hatchways. 
The greater part of the weight of the deck cargo 
carried is transmitted by fore and aft girders (formed 
by a substantial hatch coaming) to specially-designed 
hatch-end beams. This design leaves the holds 
practically clear and facilitates the handling of bulky 
cargo. In the forward hold a portable bulkhead is 
provided and arranged so that it can be moved bodily 
to any of eight adjacent frames. It is thus possible 
to use the after part of the forward hold as a reserve 
bunker. Both forward and after holds are served 
by two large hatchways, the dimensions of which 
are given on the deck plan, Fig. 4. An inspection of 
this figure in conjunction with Fig. 1 will make clear the 
arrangement of the derricks serving the hatchways. 
The tackle for the derricks is operated by Clarke- 
Chapman cargo winches, the positions and sizes of 
which are indicated in Fig. 3. 

The accommodation for both officers and crew is 


289-11Vé x 43-106 Mid. x 23-4Y4 Mio. 
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unusually elaborate for this type of vessel. The 
crew is berthed under the poop, and the cabins have 
been designed to meet the very stringent requirements 
of the Norwegian Board of Trade, in addition” to those 
of the British Board of Trade; only two men are 
accommodated in any one room. The rooms are lined 
at the ship’s side, and have exceptional locker accom- 
modation, while, in addition, separate mess rooms 
are provided for seamen and firemen, each mess being 
large enough to accommodate the whole of the crew 
at one sitting. The officers and engineers are berthed 
in well-appointed rooms in side houses on the bridge. 
Separate baths are provided for captain, officers, 
engineers and men, steam being laid on to the baths 
for hot water supply. The saloon is a well-finished 
department, having panelled bulkheads of mahogany, 
and it is fitted with a handsome open fireplace. The 
vessel is also provided with a hospital capable of 
accommodating four men. Accommodation for the 
wireless operator is provided on the boat deck adjacent 
to the wireless cabin, as shown in Fig. 2, The wireless 
equipment has been fitted by the Radio Communica- 
tion Company, Limited. vessel carries two life- 
boats which comply with the requirements of the 
British and Norwegian Boards of Trade, and, in 
addition, two square-sterned working boats are pro- 
vided. Particulars of these boats are given in Fig. 2. 
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The propelling machinery, which was supplied and 
fitted by Messrs. D, Rowan and Co,, Limited, Glasgow, 
consists of one set of triple-expansion engines with 
cylinders 22 in., 36 in. and 59 in. in diameter, and with 
a piston stroke of 39 in. Steam is supplied by two 
single-ended cylindrical boilers, 15 ft. 6 in. in diameter 
and 11 ft. long, designed for a working pressure of 
180 lb. per square inch, These boilers each have a 
heating surface of 2,200 sq. ft. and a grate area of 
60°5 sq. ft. A cylindrical donkey boiler 10 ft. in 
diameter by 9 ft. long, and working at 100 Ib. per 
square inch, is placed in the boiler casing above the 
level of the main deck, as shown in Fig. 1. The 
auxiliary-machinery equipment conforms with the 
best modern practice, the winch condenser and feed- 
water filter being of the Beresford type; a See’s ash 
ejector is fitted. The windlass fitted on the fore- 
castle deck, as shown in Fig. 3, is of the steam and 
hand direct-grip quick-warping type supplied by 
Messrs, Emerson, Walker and Thompson Brothers, 
Limited, Gateshead-on-Tyne, while the steam steering 
gear, by Messrs. J, Hastie and Co., Limited, Greenock, 
is situated in the engine casing on the main deck, as 
shown in Fig. 4, The vessel is lighted electrically 
throughout, the installation having been supplied and 
fitted by Messrs, Telford, Grier and Mackay, Glasgow. 

The other steamer, which has recently been com- 
pleted by the Dublin Dockyard Company, Limited, 
for Messrs. Daher and Co., of Marseilles, is named 
Sainte Marguerite II, and is rather smaller than the 
Brynymor. The Sainte Marguerite IT has an overall 
length of 278 ft., a length between perpendiculars of 
265 ft., a breadth of 42 ft., and a moulded depth of 
20 ft. Her gross tonnage is 1,925, the under deck 
tonnage 1,674, net register tonnage 1,098, and dead- 
weight tonnage, on summer draught, 3,000. The 
general design and the arrangement of the accom- 
modation are similar to those of the Brynymor, but 
in order to provide additional accommodation aft, the 
design of the stern has been modified, and this feature 
gives the vessel a very pleasing appearance. 

The machinery for the Sainte Marguerite II was 
supplied by Messrs. Rankin and Blackmore, Limited, of 
Greenock, and was fitted by the shipbuilders. It 
consists of a set of triple-expansion engines with 
cylinders 20 in., 34 in. and 56 in. in diameter, and with 
a stroke of 36 in. Steam is supplied at a pressure of 
180 lb. per square inch by two single-ended boilers. 
The vessel has a service speed of 10 knots. 





EMERGENCY SAFETY LAMP. 

A NEw form of emergency safety lamp intended to 
come automatically into operation when the normal 
lighting fails and suitable for use in theatres, factories, 
barracks, &c., has been introduced by the N.V. 
Delftsche Elec. Installatie Maatschappij, of Delft, 
Holland. The apparatus is intended for use in con- 
nection with electric lighting, and embodies the impor- 
tant principles that each emergency lamp is an 
independent unit and that each lamp is compulsorily 
tested whenever the normal lighting is switched on. 
This last feature is of considerable importance, since 
stand-by plant of this kind is apt to be neglected 
when it has been installed for some time, so that in 
many cases there is always a fair chance that it will be 
found to be out of order just when it is wanted. gthe 
compulsory testing which is a feature of the lamp with 
which we are concerned eliminates such possibility. 

The emergency lamp is made up in a portable form 
so that a new one can easily be substituted in case of 
damage. It is also constructed so that the vital parts 
of its mechanism are not easily damaged by fire or 
water. The lamp can be arranged, according to 
requirements, of from 4 to 15 candle-power, and an 
accumulator is arrangec in connection with it to keep 
it alight for from 4 to 12 hours. The lamp may, 
however, be arranged to be energised from the supply 
mains, in this case coming into action when the 
voltage has fallen by a pre-determined amount. An 
arrangement of this kind employing some sort of low- 
voltage, or no-voltage, relay which lights up emergency 
lamps when the main supply fails is not uncommon, 
but such arrangements do not embody the forced 
control over the working condition of the emergency 
lamp, which is the important feature of the apparatus 
with which we are now concerned. 

A diagram of one form oi the emergency lamp is 
given in Fig. | above. The supply mains are indicated 
at 1, and 2 is a main switch. Connection is made 
through the bipolar plug 3 to a control lamp 5, and to 
coil 8 of a relay 9. The lamp and coil are connected 
in series through one arm 6 of a two-pole switch. The 
armature 10 of the relay 9 is carried inside a vacuum 
tube 11, and when the relay is not energised the 
armature lies at the bottom side of the tube and con- 
nects two mercury contacts 12. The emergency lamp 
16 is in the circuit of these contacts together with an 
accumulator 13 and arm 15 of the two-pole switch. 
The two-pole switch has three positions, a, a), 6, by 





andc,¢;. In the position c, c,, the circuits of both the 
control and the emergency lamps are broken and the 
lamps are inoperative. In position 6, b;, arm 6 of 
the switch moves on to a dead contact and no current 
passes through it, but as will be clear from the figure, 
arm 15 closes the circuit through the emergency lamp, 
the accumulator and the armature of the relay, so 
that the emergency lamp lights up. On moving the 
two-pole switch into position a, a, the relay coil circuit 
is made through control lamp 5 and as the relay is 
energised its armature 12 is lifted and the circuit of 
the emergency lamp is broken. Position a, a, is the 
working position. 

It will be clear from the diagram and this description 
that if the main supply fails at any time the control 
lamp 5 will be extinguished and that the de-energising 
of the relay will cause the armature 12 to fall and the 
emergency lamp 16 to light up. When the main 
circuit is broken on switch 2 and the main lighting 
cut off the emergency lamp will light up, but it is, of 
course, not intended that the emergency lamp shall 
normally run under such circumstances, and the double- 
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pole switch is moved to the off position, when switch 
2 is operated. It is clearly desirable with this arrange- 
ment that the control lamp 5 should form an item in 
the main lighting. It is also clear that this lamp 
cannot be put into circuit without lamp 16 being 
switched in, and so indicating to the operator if the 
emergency lighting is in order or not. Since with a 
careless operator the double-pole switch might be put 
over to position a, a,, without the emergency lamp 
lighting up and no action be taken, the solenoid 17 
shown in Fig. 2 has been introduced. This is arranged 
to engage a depression 18, in the cross-bar 19 of the 
two-pole switch. Coil 14 lifts the solenoid when the 
emergency circuit is in operation, but in the event of 
the emergency circuit not being in order the solenoid 
will not be lifted, so that it will fall into the depression 
19, and lock the cross-bar when the double pole switch 
is in position 6, 6;. This forms a positive lock, pre- 
venting the control lamp 5 being switch in if the 
emergency circuit is not in working order. 

In Fig. 3 an arrangement is shown in which the 
control lamp and emergency lamp are combined. 
The arrangement is particularly adapted for alternating 
current circuits, and as shown in the figure the apparatus 
is connected to the mains through a step-down trans- 
former 20. A condenser shown at 21 is connected in 
the relay circuit, the otheritems correspond with those in 
Figs. 1 and 2. It will be seen that in position c, c; of 
the two-pole switch all circuits are off. In ition 
b, b} a direct current passes from the battery through 
armature 12 and lights the lamp, at the same time 
holding up the solenoid 17 as before. The switch may 





then be put into position a, a1, when an alternating 
current will flow from the transformer through the 
condenser, relay and lamp. The energising of the 
relay will lift the armature and break the emergency 
battery circuit as before. It will be clear from Fig. 3 
that the secondary voltage current from the trans- 
former must be substantially the same as the battery 
voltage. About four volts are actually used. The 
condenser is introduced to prevent short-circuiting of 
the battery through the low-tension winding of the 
transformer when the emergency lighting comes into 
operation. 





THE DISPOSAL OF WASTE LIQUORS. 

DEALING, in his address to the Manchester Section of 
the Society of Chemical Industry, with the “ Disposal 
of Waste Liquors,” Dr. E. Ardern distinguished the two 
natural divisions: I. Discharge of waste liquors into 
natural water-courses ; and, Il, Discharge into sewerage 
systems. The address was published in the Journal 
of the Society of December 31. ; 

In Case I., control of wastes can be effected by actions 
at common law, by riparian owners below stream, and 
by the sanitary authorities. Riparian owners must be 
able to prove actual damage, but that might merely 
arise from increased hardness, or increased iron per- 
centages or the presence of colouring matters in 
the water. The authorities would probably be power- 
less as to these three cases of contamination ; there 
is no legal definition of pollution, and it seems impractic - 
able to fix legal standards. Whilst excessive suspended 
matter, highly-putrescible matter, material acidity or 
causticity, sulphides and free chlorine should certainly 
be excluded, the Royal Commission on Sewage recom- 
mended that pollution was best determined by the 
ascertained effect on the water-course. For that pur- 

ose the condition of the river-bed and of the fauna and 
ora, both above and below, should be determined and 
the water be analysed. But that method is unsatis- 
factory in rivers already polluted, which could only 
be purified from their sources downward. Thus, the 
control by authorities is as unsatisfactory as that by 
riparian owners, especially as the former have likewise 
to wait for actual pollution and for the consent of the 
Ministry of Health, and are unable to prevent mis- 
management of purification works already constructed, 
except by legal process. As there is, moreover, no uni- 
formity in the practice of various authorities Dr. Ardern 
advocated the establishment of River Boards and of a 
central authority, recommended long ago by the Royal 
Commission on Sewage Disposal. - 

As regards II the discharge of waste liquors into 
sewerage systems, the various Acts do not clearly define 
the relative positions of manufacturer and local authority. 
According to the Rivers’ Pollution Act of 1876, every 
authority having sewers shall give facilities to manufac- 
turers for discharging their liquors into the sewers, 
under certain restrictions which the Health Acts of 1890 
extended. There are further private Acts requiring 
preliminary treatment of trade effluents (Manchester 
Corporation, 1902) and granting power to levy special 
charges for taking effluent, treated or not (Halifax, 1905 ; 
Huddersfield, 1906). The Royal Commission, of 1898, 
on Sewage Disposal, made it the duty of the local 
authority to provide sewers for carrying trade effluent, 
free of charge, at any rate for treated effluent, subject 
to restrictions and to certain charges. But the River 
Boards proposed to arbitrate in disputes between local 
authorities and manufacturers were not actually created, 
and whilst in some instances, where old connections 
exist, trade waste is admitted without any control what- 
ever, in other cases charges are made and manufacturers 
have in some instances actually to bear part of the 
capital expenditure of the sewage-purification plant of 
the local authority, in addition to an annual charge and 
the ordinary sewage rates. 

In order to regularise matters, Dr. Ardern suggested 
that (1) subject to certain reservations, it should be the 
duty of the local authority to accept responsibility for 
the admission of trade effluents into their sewers ; (2) all 
trade effluents should conform to standard regulation 
framed by joint committees of the local authorities and 
manufacturers, the question to be referred to a central 
authority failing agreement; (3) there should be no 
differential treatment as between manufacturers already 
discharging and those applying for new connections 
with the sewers; (4) the local authority to make a 
special charge when the character or volume of the 
effluent would affect the nature of the total flow and 
materially increase the purification costs. The authority 
should also have power to prohibit, without recourse to 
legal machinery, the admission of waste liquors liable 
to endanger the life and health of the men engaged 
in the sewers, or to create serious nuisance, or to dis- 
organise any practicable type of purification plant. 
As it was, danger to health or loss of life had usually 
to be proved before any action could be taken, and 
improper liquors had rendered purification plants in- 
operative. Manufacturers, Dr. Ardern concluded, should 
give more serious consideration than they did to these 
problems. 





HarpnNeEss Testinc Macuine.—Riehle Brothers Test- 
ing Machine Company, of Philadelphia, Pa., have designed 
and developed a hardness testing machine which is a 
combination of the Brinell and scleroscope methods. 
It was designed primarily for the use of the Association 
of Manufacturers of Chilled — bomen | _who - 
making a study of the hardness and comparative wearin, 
and i weelidien of chilled wheels, This machine, 

Canadian Machinery, enables both the Brinell and 


says 
the scleroscope tests to be made on the same spot. 
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SOME OBSERVATIONS ON A PRODUCER- 
GAS POWER PLANT.* 


By H. 8. Denny C.B.E., and N. V. 8. Kyrsss, B.Sc., 
y of London. 


Introduction.—No apology is needed for bringing up 
the subject of coal utilisation or any of its branches, 
provided always that the matter submittéd is new and 
pertinent to current developments. Coal is one of the 
main bearer stones in the structure of British industry, 
and to-day more than ever in the history of that industry 
there exists the need of a thorough and searching in- 
vestigation of the economics of its production and use. 
The cash value of the British thermal unit is three times 
as great to-day as it was before the war, and wasteful, 
careless, or inefficient usage is no longer to be counten- 
anced as a permissible evil. A stage has been reached 
where the evidence of fuel economy is so marked as to 
call automatically for the maximum efficiency in usage, 
and the latter must be secured if British industries are 
successfully to cope with foreign competition. It is 
therefore necessary to examine rigorously the funda- 
mental features of all processes of coal usage before 
accepting them as applicable to present-day require- 
ments. Whether it be for domestic use in the house- 
hold grate, or under the boiler for steam raising, or in 
the coke-oven or gas-producer, the call for investigation 
is acute, and it becomes the duty of every consumer 
not only in his own, but in the national interest, to see 
that he is getting a fair and economical percentage of 
actual work done for every pound of coal he uses. 

In the past there has been great waste; the average 
efficiency has been so low that more than 90 per cent. 
of the work done in mining, hauling, washing, trans- 
porting and burning coal has n thrown away, and even 
to-day the average performance shows little improve- 
ment. If it be allowed for one moment that the loss 
could be reduced to 80 per cent., the potential value of 
the coal output and, further, the coal reserves, would 
be at once doubled. The advantages are too obvious 
to require discussion. 

It is outside the scope of this paper to pursue further 
the broad aspect of the question. These remarks are 
intended to indicate that if every method of coal con- 
sumption were properly investigated and the results 
fairly and honestly recorded, it would not be so difficult 
for the prospective consumer in any branch of industry 
to decide upon the right method for his particular 
requirements ; and in order to protect the unskilled or 
the uninitiated the day will come when, in the national 
interest, the manufacturer of coal-consuming machinery 
will have to satisfy competent authorities that his plant 
reaches some given standard of efficiency before he 
will be allowed to deal with it commercially. 

With these introductory remarks, the authors would 
explain that in 1917-19 the control of a large capacity 
Mond gas-producer plant coupled up to a gas-engine 
plant of equivalent size came under their control, and 
a unique opportunity for carrying out a special investiga- 
tion thus being opened, it was decided to take advantage 
of it. A properly organised scheme of investigation 
was decided upon, and the greatest care was exercised 
in compiling the results recorded in the period ; and they 
were fortunate in having at their gee a highly 
competent chemical and engineering staff. It is neces- 
sary to make it clear that the facts and figures sub- 
mitted apply only to the particular plant under considera- 
tion—excepting where otherwise stated—and the sole 
desire of the author is to place upon record the results 
and conclusions arrived at, in the hope that they may 
be of service to others engaged on similar problems. 

The subject of Mond gas has been dealt with more 
than once, but particularly by Mr. H. A. Humphrey, 
and to his statements considerable attention has been 
devoted. The authors have been forced to join issue 
with him on certain vital points, and doubtless in the 
process have laid themselves open to criticism. They 
would like to acknowledge the able assistance given 
them in carrying out the investigation by Mr. 8. Travis, 
Mr. C. W. Bailey, B.Sc., Lieut. W. H. H. Norris, R.E., 
Mr. 8. C. Bate, M.E., and members of the technical staff 
at the works where this investigation was carried out. 

(1) The Producer Plant and Gas Production.—The gas- 
producer plant, which was erected in 1909, consists of 
seven Mond producers, 10 ft. 6 in. diameter, each designed 
to gasify 24 tons of coal per day, and arranged in line 
with coal storage-hoppers of about 700 tons total capa- 
city above them. It adjoins a colliery which supplied 
all the coal used. The Mond equipment installed is of 
orthodox type and includes an additional gas-cooling 
tower for the final cooling necessary before purification 
for gas-engine work. The steam-raising equipment 
consists of seven Lancashire boilers, only four of which 
were used for the producer plant, but in addition all 
steam from the gas-engine exhaust boilers was consum 
in gas generation. The water and liquor pumps and the 
blowers are all situated in one house and driven by 
steam engines. The ammonium sulphate plant is a 
separate unit. 

Coal was brought over from an adjoining colliery by a 
belt-conveyor, and after passing over an Avery weigher 
was elevated by a bucket-elevator to the storage hoppers. 
The colliery undertook to supply coal to the following 
specification :—‘‘ 60,000 tons per annum of pit slack 
from the top hard seam of the colliery, passed through 
@ 14 in. and over } in. square mesh, and as free from dust 
as is reasonably practicable.”’ Grading analyses were 
carried out on weekly samples of the coal, and these 
tests usually revealed the presence of a high percentage 
of fines through } in. na og The following table sum- 
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marizes the grading analyses over a period of nine 
months :— 














| 
Grading. | Average. | Maximum.) Minimum. 
| 
Through } in. mesh. . ds 16 30 7 
Over 4 in. through jin. .. 7 10 5 
Overlin. .. $4 e 11 26 4 








The weekly average coal sample was also analysed 
for fixed carbon, volatile combustibles, ash, moisture, 
nitrogen and calorific value, and sometimes for sulphur, 
the averages over the same period being :— 


Per cent, 
Fixed carbon ... po ua 53 
Volatile combustibles ... 34 
Ash Te é36 9 
Moisture ... 3-5 
Nitrogen 1-4 
Sulphur ... 0-85 


Calorific value ny 12,500 B.Th.U. 


An ultimate analysis on the dry coal furnished the 
following figures :—Carbon, 70 per cent.; hydrogen, 
5-5 per cent.; oxygen, ll per cent.; nitrogen, 1-5 
per cent.; sulphur, 1 per cent. The ashes from the 
producers were shovelled from the water lutes into 
trucks and dumped near by. The coal burnt under the 
boilers was trucked to them, and the weight used for this 
purpose was estimated by recording the number of 
calibrated trucks used. 

The Mond system of gasification aims at a high re- 
covery of the thermal value of the coal, and simul- 
taneously a high percentage of the nitrogen of the coal 
in the form of ammonium sulphate. It is claimed that a 
low grade of coal may successfully be employed, the 
comparatively low temperature of the fuel bed ensuring 
an absence of clinker formation. A feature of the 
process is the heat exchange between the hot gas and 
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the air blown in to the producers, An excess of steam 
is delivered to the producers with the air-blast, the total 
amount being given as 2-17 tons per ton of coal gasified.* 
Of this quantity 0-85 ton is said to be recovered by the 
heat exchange system mentioned above and only 0-53 
ton decomposed in the producer. In the case under 
notice the figures were 2-44, 0-85 and 0-22 respectively. 

The air from a Roots blower passes first through the 
air-tower down which hot water is flowing. It is heated 
to over 70 deg. C. (158 deg. F.) and leaves the tower 
saturated with water vapour at this temperature. It 
then receives a further quantity of water vapour by the 
addition of steam up to a saturation temperature of 
85-5 deg. C. (184 deg. F.), after which it passes through 
the tubes of a heat exchanger called the “ superheater,” 
and thence into the producer, being further heated by 
passing round the walls of the latter within the outer 
steel shell. From the producer the gas passes through 
the superheater outside the tubes and then enters the 
washer, where it is cooled and freed from soot, &c. The 
actual heat loss in the washer is not very considerable, 
most of the sensible heat being changed to latent heat 
in the water vapour formed. From the washer the gases 
pass on to the sulphate recovery tower, where they are 
scrubbed by liquor containing weak sulphuric acid for 
the recovery of the ammonia, and thence through the 
gas-tower, where they are cooled by water and where 
most of the tar they carry is separated out. The water 
from this tower is circulated over the air-heating tower. 
To cool the gas further it is passed through another water- 
tower. The following table gives the average tempera- 
tures in pressures (in deg. C. and millimetres of water) 
of the air and gas at different points in the plant :— 








Position. Temperature. Pressure. 
Deg. €. Deg. F mm. W.G. 
Entering air-tower (air) 26-5 80 56-7 
Leaving air-tower (air) _ 71-9 164 45-0 
Entering superheater (air) . . 85-48 186 =: 
Leaving superheater (air) ..| 179-8 356 —- 
Entering producers (air) 201-3 394 41-2 
Leaving producers (gas) ..| 568-4 1,054 23-5 
Leaving superheater (gas) ..| 465-2 870 — 
Entering washer (gas) -«| 385°7 726 21-0 
Leaving washer (gas) on 87-0 188 19-1 
Entering sulphate-tower(gas)| 82-0 180 13-6 
Leaving sulphate-tower (gas) 84-0 183 10-4 
Leaving No. 1 gas-tower .. 72-0 162 8-8 
Leaving No. 2 gas-tower 52-7 128 6-8 











Gas produced by the Mond system is characterised 
by its high hydrogen and carbon dioxide content. As 
a typical analysis following has been given * :— 

CO = 11 per cent. ; Hg = 29 per cent. ; CH, = 2 per 
cent. ; CO. = 16 percent.; No = 42 percent. Calorific 
value, saturated at 15 deg. = 132 B.Th.U. 

The average found over a long period on the plant 
under consideration was :— 

CO = 9 per cent. ; Hz = 23-2 per cent.; CH, = 3-3 

r cent. ; COg = 15-7 per cent. ; No = 48-8 per cent. 
Net calorific value, saturated at 15 deg. = 121 B.Th.U. 

The producers were designed for 24 tons per day. 
Until the plant was called upon for maximum production, 
the daily average was 16 tons, and at no time could it be 
pushed beyond 19 tons. With better quality coal the 
tonnage gasified could doubtless have been increased. 

The by-products recovered consist of sulphate of 
ammonia, washer dust and liquor, and tar, the last- 
named being distilled to pitch and creosote. Over a 
period of eight months the recovery was as follows 
per ton of coal gasified :— 


Ib. 
Ammonium sulphate 60 +4 
Pitch sé ée 35-4 
Washer dust... iv 100-0 
Washer liquor as (NH;) 0-76 


The nitrogen in the coal was about 1-4 per cent., 
which is equivalent to 147 lb, of ammonium sulphate 
per ton of coal, and it is claimed that 80 lb. and over is 
ordinarily recovered from such coal per ton. The 
recovery during the year 1918 may be seen on Fig. 1. 
During the last three months the efficiency of the absorp- 
tion in the sulphate tower was measured by analysis 
of the inlet and outlet gas. Except for short periods, 
when the circulating pump failed, a high percentage 
recovery was maintained. It must be mentioned that 
during the period to which the above figures refer there 
was for a time a loss of ammonia liquors on this plant. 
The recovery of ammonium sulphate under normal 
conditions would therefore have been higher. Before 
being employed for gas-engine purposes the producer-gas 
was used merely for boiler firing, and the producers 
were run with a view to the maximum production of 
ammonium sulphate, irrespective of the quality and 
quantity of the gas. The average sulphate recovery over 
a period of two years was then 76 lb. per ton. 

The mechanical arrangements were in many respects 
poor, and doubtless have heen improved in more recently 
erected plants. 

The arrangements provided for removing tar and 
dust from the gas mains were inadequate, and the 
choking of the latter was the cause of a three weeks’ 
shut-down of the whole gas plant. The gas collecting 
main was originally fitted with scrapers, but for reasons 
which never became clear they had been discarded. 
The liquor tanks were badly laid out and caused con- 
siderable loss of ammonia; and the evaporator plant 
for ammonium sulphate recovery was badly arra’ . 

The boiler plant was a poor installation, and two 
series of tests showed thermal efficiencies of 51 per 
cent. (which is reduced to 47 per cent., deducting the 
steam used in blowing with Crossthwaite steam jets) 
and 43 per cent. 

The latter efficiency figure was obtained by an inde- 
pendent engineer who suggested a number of altera- 
tions, including the fitting of induced draught and an 
economiser, The lay-out of the plant, however, would 
have rendered the proposed improvements difficult and 
costly, and pressure in other directions prevented the 
adoption of these suggestions. 

(2) The Power House and its Operation.—The power 
plant, consisting of nine National gas engines (total 
11,000 h.p.) of modern design erected in 1916 and 
direct coupled D.C. generators (7,400 kw.) complete 
with all auxiliaries and exhaust boilers, adjoins the 
producer plant. The gas-engine plant includes five 
1,500 h.p. 12-cylinder, 6-crank tandem engines, two 
1,000 h.p. 8-eylinder, 4-crank tandems, and two 750 
h.p. 6-cylinder 3-crank tandems. The upper eylinders 
are 23 in. diameter and the lower 22 in., and all pairs 
are interchangeable. The stroke is 24 in. Lubrication 
is forced feed to all cylinders and bearings. Ignition is 
by high tension magnetos working in duplicate, and 
Lodge adjustable plugs are used. Starting is effected 
by means of compressed air at 350 Ib. operating in the 
botton cylinder on the firing stroke. The compression 
at full load is 148 Ib. 

The B.T.H. dynamos, consisting of five 1,000 kw., 
two 700 kw., and two 500 kw., are connected direct 
to their respective engine flywheels. They are multi- 
polar, shuntwound, built on horse-shoe bed plates with 
self-aligning estal bearings and cast-iron magnet 
frames divided horizontally. 

The gas cleaning and cooling plant is placed next to 
the power-house. It consists of six centrifugal fans, 
each 7 ft. diameter, with 50 in. impellers a at 
1,100 r.p.m., and fitted with water injection. Two 
water circulating pumps, each driven by a 9 h.p. motor 
supply the water to the fans, and water and tar drain 
back from the fan lutes to a separating system. Next 
to the cleaning fan building, two stacks of serpentine 
coolers are installed, through which the gas can be 
passed singly or in series. Each set consists of 30 
wrought-iron tubes each 3 ft. diameter and 32 ft. long 
coupled at the ends by cast-iron U-pipes. Water may 
be caused to flow over them. There are 10 gas-cleaning 
scrubbers fitted in parallel of a total size of 120 ft. by 
18 ft. by 4 ft. high. Each is fitted with wood turnings 
and sawdust and with inlet and outlet stop valves, so 
that any one may be cut out for repacking. 

The gas from the second cooling tower on the producer 
plant is carried direct to the yas-cleaning plant. It 
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* H. A: Humphrey. Proc., I,Mech.E., 1901, page 41. 





“* H. A. Humphrey. Proc., I.Mech.E., 1901, page 74. 
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should be at a temperature of not more than 30 deg. C., 
but, owing to the gas cooling towers being inadequate, 
the actual temperature was in general about 50 deg., 
and frequently, for short periods, even — The gas 
enters fans where the centrifugal effect, combined 
with the washing action of the injected water precipi- 
tates the bulk of the remaining tar. The temperature 
is reduced very little in the fans, but in its passage 
po pain. the serpentine coolers it is reduced to 30 deg. 
or er before reaching the scrubbers. Ordinarily the 
necessary temperature reduction may be brought about 
without the aid of water, but if hot gas is being received 
from the producer plant it may be cooled to the required 
temperature by running a amount of water over 
the coolers ; 30 deg. C. is a maximum for the efficient 
action of the scrubbers, through which the gas now 
passes on its way to the engines. The performance of 
the gas yet was satisfactory, the average 
combined dust tar content of the gas being 0-05 
gram per cub. metre, 

The exhaust from each co © passes through the corre- 
sponding exhaust boiler, which also acts as a silencer. 
The boilers (designed for a working pressure of 100 Ib.), 
attached to the 1,500 h.p. engines, have 239 tubes, 
2 in. diameter, 13 ft. 4 in. long, with a shell 4 ft. 6 in. 
diameter and 21 ft. 10 in. overall. The smaller engines 
have boilers of proportionate dimensions. The cooled 
gases finally pass out through short stacks to the atmo- 
sphere, To every two engines an auxiliary silencer is 
fitted to enable the exhaust boiler to be cut out in case 
of necessity. 

The power plant was designed for the continuous 
development of 7,500 e.h.p. (which is 76 per cent. of 
full load), delivered at a steady voltage to the switch- 
board, with a tem variation not exceeding 1 per 
cent. on changing from full to three-quarter load. 

The gas engines were supplied under the following 
guarantee :; 

(a) The gas consumption as measured by rotary gas 
meter not to exceed 80 cub. ft. of 125 B.Th.U. gas per 
brake horse-power hour, or the equivalent thereof, or 
a 4 B.Th.U. per e.h.p.-hour measured at the switch- 

oard. 

(6) The oil consumption not to exceed 0-00022 gallon 
per brake horse-power hour at full load. 

(c) The mechanical efficiency to be equal to 88 per 
cent. 
(d) The thermal efficiency to be equal to 25 
(e) These guarantees were subject to the 
conditions as to gas supply :— 
1. In calculating heat efficiency the lower calorific 
value of the gas is taken. 
2. The gas must not contain more than 0-07 gram of 
tar, nor more than 0-02 gram of dust per cubic metre. 
3. The moisture content to be equal to gas fully 
saturated at 5 deg. C. above the surrounding atmo- 
sphere, 
4. The pressure of the gas at the engines to vary 
only between 1 in. and 3 in. water column. 
The electric generators were to be tested by the 
Hopkinson method, and the guaranteed efficiencies 
varied between 90-5 per cent. and 94 per cent. at loads 
varying from } to 1}. Provision was also made for a 
limit to the temperature rise allowable in the commuta- 
tor, field, frame and armature winding. A combined 
engine and generator test on each set was specified, 
comprising 10 hours’ full load run and one hour of 10 
per cent, over normal rating. The combined sets to be 
capable of easy ——- and operating to maintain a 
steady voltage under any load conditions. 

Before being finally passed, each engine was j 
to (1) a 10-hour fuill-load test, with an overload test 
at the end of this period; (2) one month’s reliability 
run. The following is condensed from the data recorded 
me one test, and it may be taken as typical of them 
a 
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Ten-hour Test: 
a.m. to 7.30 p.m. 

Ammeter readings, 2,100 to 2,200 amperes: mean, 
2,175 amperes. Full load = 2,175 amperes. 

angen readings, 230 to 231 volts: Mean, 230 
volts. 

Generator temperature rise : Commutator, 39 deg. C. ; 
field, 20 deg. C. ; frame, 16 deg. C. ; armature, 20 deg. C. 


Exhaust boiler performance :— 


1,000 kw. generator. Time, 9.30 


Water evaporated ver hour ... 1,227 lb. 
Temperature of water 21-5 deg. C. 
Steam pressure ane «+ 67-5 1b. 
Water per brake horse-power 

hour ... bee fea as aes 
Water per brake horse-power 

hour from and at 100 deg. C 2-0 Ib. 

Gas data :— 

Mean temperature 15 deg. C. 
Mean pressure ... ont 2-5 in. water. 
Mean calorific value ... 126-6 B.Th.U. 


Cylinder oil consumption :— 
0 -000102 gallon per brake horse-power hour. 


Governor Test: Engine running at 200 r.p.m. under 
full load—full load tripped off, speed 213 r.p.m. momen- 
tarily, 205-207 steady. 

Indicator cards were taken in sets every hour and 
showed that each cylinder was its share of the 


load. The engine carried its full with ease, but 
during the overload test not more than 5 per cent. 
could be maintained. 
Month's reliability run :— 
Period 28 days 672 hours. 
Actual time run ... +» 671 hours, 50 min. 
rtion of actual to pos- 
si Ses See --- 99°97 per cent. 
Number of stoppages 1 
Percentage of full load 103-1 per cent. 


OE ere ee eee en nee ee 
tained in the following summarised statement :—The 
engines behaved well on full load, but at the outset 
none of them would meet the 10 per cent. overload 
condition. Su mtly the t of inlet valve was 
F all of the engines then pulled 5 per cent. 
overload and some 10 per cent., but despite the new 
valves the 700 kw. sets had to run three per cent. and 
6 per cent. over speed to do the overload, and the 1,000 
kw., with the exception of No. 9, 1} per cent. overspeed. 
A speeder gear is fitted to each engine designed for this 
purpose, and after some discussion, it was agreed that 
the overload condition should be satisfied in this manner. 
During all the first trials there was considerable pre- 
ignition when overload was attempted. The indicator 

iagrams showed that the load was equally distributed 
throughout the cylinders. 

Governor tests showed them to be working efficiently ; 
on tripping off full load the revolution per minute did not 
rise in any case above 220 instantaneously. Throughout, 
the voltage was kept steady at 230, the revolutions Sed 
minute not varying more than 5 from the 200. The 

as and air-temperatures varied between 15 deg. C. and 
deg. C., and the gas pressure between 2 in. and 5 in. 

of water, but in each individual case the variation was 
usually small. The B.Th.U. value of the gas varied 
between 125 and 132, and ~~ about 128. Its 
composition varied very little. The water evaporated 
in the exhaust boilers averaged :— 


1,220 lb, per hour for the 750 b.h.p. engines. 
1,585 lb. per hour for the 1,000 b.h.p. engines. 
2,888 lb. per hour for the 1,500 b.h.p. engines. 
or 1-93, 1-85 and 2-11 lb. water respectively per brake 
horse-power from and at 212 deg. F. The cylinder oil 
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consumption averaged 0 -000104 gallon per brake horse- 
power, es less for the large engines. 
The generator temperature rise averaged :— 


Deg. 
Commutator ... 38 
Field ... 21 
Armature 19 


The maximum temperature rise was not more than 
6 deg. above these averages. The reliability tests, each 
of one month’s duration, and covering the whole of the 
nine engines, were carried through successfully, with 
few stoppages, the actual time lost amounting to only 
0-36 per cent. 

The chief interruptions were due to broken cam- 
shafts, corroded expansion plates in the internal covers, 
and three top and three bottom pistons slightly seized. 
The camshafts were of defective design and the expan- 
sion plates were replaced by a more resistant metal. 
The seizure of the top pistons could only be explained 
by overheating, and when taken out and eased they gave 
no further trouble. The bottom pistons had seized 
at the sides round the gu n-pin, and on easing the 
large end of the pins no further trouble was experienced. 
In 7,000 hours’ running, only three exhaust valves (out 
of 88), were broken and one required re-grinding. The 
only trouble experienced with the generators was that 
due to dust, and it. was soon overcome. The exhaust 
boilers gave much trouble owing to corrosion of the tubes, 
due to contaminated feed-water, but the provision of 
the auxiliary silencers prevented this trouble from 
interfering with the supply of power. 

There was one serious case of oil trouble, caused by a 
water leak into the oil service a broken oil 
connection. Emulsification resulted, and the greatest 
difficulty was experienced in freeing the item com- 
pletely from watered oil, Whilst any remained, the oil 
consumption was inordinately heavy. At that time 
the oil circuit was closed, there were no means of 





detecting a water leak. To overcome this objection, 
it was decided to fit visible outlets for the oil from the 


engines, so that a recurrence of the trouble at any point 
could be detected and its position located. In general 
it may be said that the engines very satisfactorily per- 
formed their duty. 

(3) Thermal Efficiency and Heat Balance of Producers 
and Power Plant.—The tests of which an account is 
given above were carried out under the terms of the 
contract entered into with the makers of the power 
plant. No tests designed to furnish data upon which a 
complete heat balance of the producers and power 
= could be based were carried out until the whole 

ad been in operation for about eighteen months. The 
source of heat and energy is the coal used on the pro- 
ducer plant, and it is therefore necessary to know 
accurately its weight and calorific value. The deter- 
mination of the latter involves efficient sampling arrange- 
ments and frequent determinations in the calorimeter. 
To arrive at the efficiencies of the producer and power 
lants considered as a units, it is necessary to 
ow the volume and calorific value of the gas delivered 
by the former. No meter was installed between the two 
plants, so it was impossible to keep continuous records 
of the individual efficiencies, but the calorific value of 
the gas received was systematically tested in the power 
plant at regular intervals. The electrical work done 
was accurately recorded on the instruments in the power- 
house, these instruments being frequently checked 
against standards. For a full determination of the heat 
yee at all points, it is also necessary to have 
ata regarding the carbon content of the producer 
— and the temperature of the gases throughout the 
ant. 
t Throughout the year 1918 careful records of the 
<< and calorific value of the coal were kept. All 
coal received from the colliery was checked by a record- 
ing Avery weigher. Its distribution between producers 
and boilers was determined by the trucks taken to the 
latter and hoppers-full used on the former, the numbers 
of each being recorded on log sheets. Twice per day a 
ortion of the coal being delivered from the conveyor- 

It over the hoppers was collected and kept in sealed 
tins. Samples were taken from the belt at regular 
intervals, each sample being made up of successive 
small quantities taken over a period of five minutes. 
At the week-end the samples were thoroughly mixed and 
quartered, crushed, again mixed and quartered down to 
about 3 lb., then bottled and sent to the laboratory. 
The ash drawn from the producers was similarly sampled. 

From the weight and heat value of the soa, together 
with the electrical units generated, Figs. 2 and 3 were 
constructed. In each case two curves are given based 
on the coal gasified and on the total coal used respec- 
tively. The producer plant efficiencies are calculated 
on the assumption that the coal yielded 130,000 cub. ft. 
of gas per ton throughout the period (see later). A 
more efficient boiler installation would have appreciably 
improved the results, but it must be remembered that 
the producer plant at all times received all the steam 
from the engine exhaust boilers. It will be noticed that 
a substantial improvement in efficiency took place on 
increasing the load to a maximum after June. The 
increase followed on a shut-down necessitated by the 
choking of the gas mains on the producer plant. 

For the purpose of collecting full thermal data of the 
producer and power plants, it was decided to — out 
a test over a period of a week, under ordinary full-load 
running conditions. The test may be considered to 
have been carried out under perfectly normal condi- 
tions, the only appreciable variation from any other 
period being in the coal grading. It so happened that 
the percentage of fines in the coal during the test week 
was lower than usual. Most of the data for the heat 
balance were taken at intervals of two hours, day and 
night, throughout the week. 

he first problem to be faced was that of the deter- 
mination of the volume of gas received. As already 
mentioned, there was no meter installed, and it was 
therefore n to make use of indirect methods. 
Four methods were investigated and data collected for 
the application of each. These were: (1) Pitot tube 
measurements; (2) the piston displacement method ; 
(3) the carbon balance; and (4) the acid-ammonia 
method. For full details reference may be made to 
Appendix I, but the following serves to indicate the 
results achieved by each. 

Measurement of gas by the Pitot tube is claimed to be 
accurate to about 3 per cent. under favourable condi- 
tions.* The measurements were taken on a straight 
length of pipe, 150 ft. long by 4 ft. in diameter, and made 
of in. metal with overlapped joints. These latter 
would tend to cause eddying, but it would not be con- 
siderable in a 4 ft. pipe, whilst the long straight length 
was a favourable feature. Apart from the errors in- 
herent in the method there are those due to discon- 
tinuity and to personal errors of reading, but they are 
not likely to be 1 with bi-hourly readings over @ 
week. The result obtained from this method for the 
test week was 121,000,000 cub. ft. reduced to gas saturated 
at 15 deg. C., equivalent to 132,500 cub. ft. per ton coal 

ified 


The piston displacement on the suction stroke affords a 
measure of the volume of the gas and air mixture, and 





hence—if its composition be known—of the, volume ot 
gas used. It is obvious, however, that for accuracy It 1s 

to know the temperature and pressure of the 
mixture at the end of the suction stroke, and it would be 
extremely difficult, if not impossible, to determine the 
former with much accuracy. A rotary meter large 
enough to measure the gas used in one of the engines at 
a time was, however, available, and this circumstance 
was made use of in the evolution of a method of measure- 
ment based on piston displacement, full details of which 





* “The Motion of Gases in Pipes,” R. Threliall. 





Proc., I.Mech.E., 1904, page 245. 
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are set out in the Appendix.- The volume found by this 
method was 113,000,000 cub. ft., equivalent to 124,000 
cub. ft. per ton of coal. The relation between the results 
given by this and by the Pitot tube method over 12-hour 
periods was, on the whole, fairly constant. 

An estimate of the volume of gas obtained in the 
gasification of coal by means of a carbon balance has 
frequently been resorted to in investigations of this kind, 
but doubt has been expressed as to whether even approxi- 
mately accurate results can be arrived at by this method. 
Given accurate weighing, sampling and analysis of the 
coal, accurate sampling and analysis of the gas and 
facilities for correctly estimating the loss of carbon 
in the ashes, flue dust and tar, it should be possible to 
arrive at a correct value for the gas volume, It is 
difficult, on a producer plant of this kind, to arrange for 
the co-ordination of all these factors. Owing to circum- 
stances which need not be gone into here, it was impos- 
sible to carry out in our own laboratories an ultimate 
analysis on the coal used during the test week. It was 
therefore necessary to rely on an analysis by an outside 
laboratory, and there was good reason for believing the 
figure for carbon returned to be too high, this belief 
being based on the fact that the calorific value, accur- 
ately determined in the bomb calorimeter, wads appre- 
cisbly lower than that calculated from the ultimate 
analysis by means of the usual formula, and in addition 
the percentage of carbon was higher than is usual in 
coals from this vicinity. In coals of this class the calcu- 
lated value is generally too low. In collecting the gas 
samples for analysis acidified water was used in order 
to reduce to a minimum the solubility of the CO2, but 
it appears probable that the percentage found by analysis 
was appreciably lower than the true figure. Both the 


Fig.4. SHOWING DISTRIBUTION OF HEAT 
THROUGHOUT PRODUCER PLANT IN C.H.U. PER 
4,000 C.F OF ORY GAS AT 0° C. 
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above sources of error would tend to increase the calcu- 
lated volume of gas, and other errors of less moment 
act in the same direction. The volume found by this 
method was 150,000 cub. ft. per ton coal gasified. \ 

The fourth method employed was based on the analysis 
of the gas for ammonia before and after the absorption 
tower, together with the weight of sulphuric acid used. 
Owing to the difficulty of accurately estimating stocks 
of liquor the data for so short a period as a week would 
not have been of sufficient accuracy. Systematic testing 
of the ammonia in the gases had, however, been carried 
out during the previous four months, and using these 
data the average volume of gas per ton of coal was found 
to be 129,000 cub. ft., the variation for the different 
months being between 127,000 cub. ft. and 132,000 
cub. ft. Sinee the average carbon content of the gas 
during the test week was almost identical with the 
average during the previous four months, it is justi- 
fiable to assume that the volume per ton of coal was the 
same. 

The average of the four values of gas per ton of coal is 
131,600, that of methods 1, 2 and 4, is 128,500. Taking 
into consideration the reliability of each method, it was 
decided to use in all calculations the figure 130,000 cub. ft. 
of gas saturated at 15 deg. C. and under standard pressure. 

The measurement of large volumes of gas is a problem 
to which a good deal of attention has been devoted. 
The use of a rotary meter, or even a meter of the Venturi 
type, is limited to clean cold gas, and in these circum- 
stances a much cheaper and nearly as accurate measure- 
ment may be made by a recording manometer coupled to a 
Pitot tube, provided a suitable straight length of gas main 
is available. The Pitot meter is favoured to the extent 
that it offers no resistance to the flow of the gas, and it 
may be adapted for use with hot and dirty gases. Re- 
corders to work in conjunction with the Pitot tube may 
be obtained reading directly in gaseous volumes or veloci- 
ties, and from the records the total volume passed ma: 
easily be computed with a planimeter. ‘The results wi 
be correct for one temperature only, resembling in this 
respect all other gas meters, but if temperature be 
approximately constant a simple correction may be 
To to the recorded volumes for any slight variation. 

he calculation of the volume made over a period ,in 
an ammonia recovery plant by the analysis of the gas 
for ammonia content serves as a valuable check on other 
methods, and for ammonia recovery gas this and the 
Pitot method seem to be most favourable. For cold 
clean non-recovery gas, a rotary meter may be used, 
whilst if the gas is not sufficiently clean for a ro’ 
meter, a Pitot meter is the onl thod 
_The measurement of hot ucer-gas is a much more 
difficult undertaking, and the rather wide variations of 
temperature that are likely to occur would render 
accurate metering difficult. A temperature record taken 
simultaneously to the Pitot pressure record would enable 
corrections to be applied, but the calculations would be 
very tedious. For the calculation of the volume made 
over @ period the carbon balance method is available, 
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and it gives much more trustworthy results on a hot-gas 
non-recovery plant than on a plant making recovery gas, 
because the tar, scot, &c., formed, are usually less. On 
a plant where systematic and continuous records are 
kept, the gas volume may often usefully be arrived at 
by this method. 

The gas was carefully sampled and analysed, the 
methods used being set out in Appendix I. Its calorific 
value was calculated from its composition, and it 
was also determined at frequent intervals by means 
of a Junker calorimeter. “The figures found on the 
calorimeter were found to be slightly lower than those 
calculated from the gas composition. Temperatures 
were read hourly or bi-hourly at all points throughout 
the producer and gas cleaning plants, and the electrical 
units generated were read every quarter hour on the 
station ammeters and voltmeters, which had been 
checked against Weston laboratory standard instruments. 

In Appendix II, the data obtained during the test is 
set out, together with the methods of calculating heat 
quantitites, &c. Some of the more important data are 
as follows : 


Coal gasified ... 913 tons. 
Coal to boilers 242 tons. 
12,550 B.Th.U. 


Calorific value of coal ... 

Vol. gas produced . 118,700,000 cub, ft. 
saturated at 15 
deg. = 110,600,000 
cub. ft. dry at 
0 deg. 

Mean composition of gas CO: 10 per cent. ; 
C Oo: 14-9 per cent.; Hz: 24-2 per cent. ; 
Ne: 47-8 per.cent.; C Hg: 3-1 per cent, 


Fig.5. DISTRIBUTION OF THERMAL UNITS. 
Scale:-0-3 Cmv.-1000 CH. U. per Ub. Coal Gasified. 
Load:-79 per cent Max. 104 per cent Full. 
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Mean calorific value of gas per cubic foot 
saturated at 15 deg. C. Net 126 B.Th.U, 
Gross 141 B.Th.U. 

Mean composition of engine exhaust gases C O2 
15-2 per cent.; O2 2-9 per cent. 

Ratio gas: air used in engines | : 1-35, 

Units generated 975,000 kw.-hours. 


The rotary meter mentioned before was fitted to the 
supply pipe to No. 6 engine, which was kept running on 
full 


load throughout the test. In A ix II will be 
found in tabular form the data for this engine for each 
12-hour period. 


Throughout the gross calorific value of the coal is 
taken. This is the almost universal practice, and it 
might have led to confusion if it had not been followed 
here. At the same time it is the net figure which really 
represents the value of a coal. In the case of the gas, 
efficiencies are calculated on both net and gross values, 
but it is those based on the former that are of practical 
importance. The adoption of the use of the gross value 
could only lead to confusion, for example, in a com- 
parison between two types of producers. If a recovery 
producer makes a gas of the same gross calorific power 
as @ producer run for a high carbon monoxide content, 
the actual heating and power-raising qualities of the 
former would be inferior. , 

For the whole test week the following are the thermal 
quantities of the producer plant :— 

Heat entering producer system : 





C.H.U. 
As coal gasified eee 14,250,000,000 
As coal burnt under boilers 3,780,000,000 
As steam received from engine 
exhaust boilers pen os 1,420,000,000 
Total - 19,450,000,000 
Heat leaving producer system : 
Gas—Net calorific value 8,295,000,000 
Gross calorific value 9,300,000,000 
Available heat, sensible and 
latent, in gas 4,970,000,000 





I2!I 
From these quantities the following prod effici 
have been calculated :— 
Per cent. 

(a) Efficiency on net cold gas value and 
gross heat used on producer plant ... 42-7 

(b) Efficiency on gross cold gas value 

and gross heat used on producer 
lant ... see ose owe dee 47-8 

(ce) Efficiency on gross hot gas value 
and gross heat ae producers... 80-9 

(2) Efficiency on net cold gas value 
and gross coal used ... ond vale 46:0 

(e) Efficiency on net cold gas value 
and gasified only ood ies 58-2 


The distribution of the heat units entering the pro- 
ducers is as follows :— 


Per cent. 
Calorific value of coal ... ose 80-9 
Heat gained in air-heating tower 6-0 
Heat in steam added ... bye 10°7 
Heat gained in superheaters ... 1-8 


Of the heat losses occurring, 19-1 per cent. represents 
the loss in the producers including the direct loss of 
sensible heat and the loss of — heat in the ashes, 
dust, tar, &c. The gain and loss at each point in the 
system are illustrated in Fig. 4. 

Of the above efficiencies, it is (a) which really gives the 
effective efficiency of the plant, whilst (d) does not debit 
the producers with the steam supplied by the engine 
exhaust boilers ; (e) is the efficiency on the coal gasified 
only. Itisa which would have been more nearly 
approached if the boiler plant had been of up-to-date 





construction. The efficiency of heat exchange in the 


Ftg.6. DISTRIBUTION OF THERMAL UNITS. 
Scale :-0-3 Cm.-1,000 C.H.U. per Ub. Coal. 
oad:-35 per Had Max. 46 per cent Full, 
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superheaters (the ratio heat 


ained by air to heat lost 
by gas) was 69 per cent., whilst that of the air heating, 


gas cooling towers was 74 per cent. (f) During the test 
week the electrical wile generated amounted to 
975,000 kw. = 1,894,000,000 C.H.U. The generator 
efficiency was 93 per cent. within 0-5 per cent., and there- 
fore the therm uivalent of the brake horse-power- 
hours amounts to 1,988,000,000 C.H.U. The mechanical 
efficiency of the engines was not known exactly, but 
recent tests on similar engines gave 85 per cent. ‘Taking 
this figure, the thermal equivalent of the indicated horse- 
power-hour would be 2,338,000,000 C.H.U. From these 
figures the following efficiencies have been calculated :— 

(a) Thermal efficiency on gross coal used and e,h.p. 
produced, 10-2 per cent, 

(6) Thermal efficiency on gross coal used and brake 
horse-power produced, 11-0 per cent, 

(c) Thermal efficiency on coal gasified and e.h.p. 
produced, 12-9 per cent, 

(d) Thermal efficiency on coal gasified and brake 
horse-power produced, 13-9 per cent. 

(e) Thermal efficiency on gross gas value and e.h.p. 


produced, 19-9 per cent. 

({) Thermal efficiency on gross gas value and brake 
horse-power grecaced. 21-4 per cent. 

(g) Thermal efficiency on net gas value and e.h.p, 


produced, 22-3 per cent. 

(Ah) Thermal efficiency on net gas value and brake 
horse-power produced, 24-0 per cent. 

(¢) Thermal efficiency on net gas value and indicated 
horse-power produced, 28-2 per cent. 

On No. 6 engine, from the measured volume of gas 
used, the following efficiencies are calculated on the net 
gas value :— 

On E.H.P. On B.H.P. On L.H.P. 
24+4 percent. 26-2 percent. 30-9 per cent, 
(For complete date of this engine, see 
Appendix II.) 

It will be seen that the efficiency on No. 6 engine was 
considerably above that for the whole power-house. 
This is to be expected, since, whilst this engine was 
running throughout the test on full load, the other 
engines were at times on reduced load to meet the vary- 
ing demands for load at all times. If it be assumed that 





under the best conditions the efficiency of the whole 
station is the same as that of No. 6 engine, the efficiency 
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on the gross coal used on the producers would be as 
follows :— 
On E.H.P. On B.H.P. 
11-1 per cent. 12-0 per cent. 


Fig. 5 illustrates the thermal distribution in the whole 
gasification gas-engine system, indicating the step. at 
which each of the major losses occurs. It was con- 
structed from the data obtained during. the test week, 
and therefore applies only to full load conditions. To 
illustrate the effect of reduced load, Fig. 6 has been 
drawn up. It applies to a period of about half load, 
and though there was not the same accurate data on 
which to base it, it is broadly correct. 

The outstanding feature of the above calculation is 
the producer efficiency, which is very low compared 
with text-book and catalogue res. The low over-all 
efficiency is partly due to the exceptionally low efficiency 
of the boilers, but taken on the coal gasified alone, the 
figure is still a poor one, With more efficient waste- 
heat boilers, it is probable that all the steam required 
for the producers could be derived from this source, and 
in fact the boilers actually in use would have made a 
better showing but for the trouble with them due to 
corrosion by contaminated water. This steam, however, 
must be credited to the engines. The air-heating tower 
returns a considerable percentage of heat to the system 
in the form of latent heat or water vapour, but the super- 
heater, which is concerned with the recovery of sensible 
heat, effects only a comparatively’ small exchange. 

The gas-engine efficiency of 24 per cent. is a very fair 
figure considering the conditions. With a gas supply of 
more constant composition, the engines could no doubt 
be tuned up to run at higher efficiency, but the variability 
of the quality of the gas would not allow much closer 
tuning without a sacrifice in reliability. The higher 
efficiency of No. 6 engine is to be attributed more to 
constant full-load conditions than to better tuning, 
though it is probable that the latter was operative. 
Indeed, this engine was well known to pull better than 
most of the others, although the difference was not 
attributable to a difference of compression, or any other 
obvious variable. 

In view of the difference between the producer efficiency 
figures submitted above, and those which have been given 
by other investigators, it may be as well to set out the 
reasons for believing the former to be substantially 
correct. It may, for instance, be held that the figure 
for the volume of the gas is unreliable, and that the coal 
figures are incorrect. In the first place it must be 
pointed out that the over-all efficiency of coal to electrical 
energy cannot be more than slightly incorrect. The 
electrical units were registered accurately, and the total 
coal was weighed accurately. The calorific value 
might have been slightly wrong owing to uneven sampling, 
but the fact that the weekly figure over a long period 
(nearly a year) did not fall below 12,000, is sufficiently 
conclusive to narrow down the possible error of 2 = 
cent. or 3 per cent, at the most. If, then, there has 
been a mistake in the volume or value of the gas, any 
increase of producer efficiency due to its correction must 
be accompanied by a decrease in the engine efficiency. 
It is difficult to see how the fourth method of deter- 
mining volume can lead to a result which is very far 
from correct, but apart altogether from that, there is 
the fact that the engine to which a motor was attached 
(specially calibrated shortly before the test), gave an 
efficiency higher than the average. The conclusion is, 
therefore, that the calculated producer efficiency is, if 
anything, higher than the true figure. The heat value 
of the gas is calculated from the analysis obtained as 
set out in Appendix I, and, as a check, frequent deter- 
minations in the Junker calorimeter were made, with 
results consistently slightly lower than the calculated. 

The authors have been unable to trace any records 
of a large size Mond plant giving efficiency figures over 
a period of normal working. In 1900 Humphrey gave 
75-1 per cent. net cold gas efficiency on the coal gasified, 
as a typical figure, but it does not appear to have been 
b on any adequate tests. Of more value are the 
data given by the same author in 1913. From these it 
may be calculated that the net cold gas efficiency on the 
coal gasified over a period of two and a half years was 
58-5 per cent., a result almost identical with that obtained 
by the authors. The net efliciency on the total coal 
used would appear to have been even lower, but the 
data are insufficient for a complete calculation. 

After the whole of the matter herein presented had 
been prepared, attention was called to a paper* which 
recently appeared. In this Mr. Patchell covers much the 
same ground, but his efficiency and general 
conclusions differ very considerably from those here 
submitted. It was therefore considered advisable to 
examine his paper carefully, and it appears that, in the 
absence of any means of measuring the total volume of 
gas produced, it has been over-estimated, and that, in 
consequence, the producer and over-all efficiency figures 
are too high. The capital cost of the plant seems ex- 
cessive, and the running costs, compare unfavourably 
with those we put forward, e en allowing for the differ- 
ence in the prices of fuel. 


(To be coniinued.) 





Mounicipat EvectricaL O_p Sracers.—We are in- 
formed by Mr. C. H. Wordingham, the Organising 
Hon. Secretary, that the dinner of the above, which we 
announced in one of our preceding issues, took place at 
the Hotel Cecil, on Friday, the 20th inst. The essential 
idea of the gathering was the reunion, under circum- 
stances as informal as possible, of old friends in municipal 
electrical supply The function passed off most satis- 
factorily, and the hope was expressed that similar ones 
would take place periodically. 


* Proc. I.E.E., 58 (1920), page 417. 








THE TWO-STROKE MOTOR CAR ENGINE. 
An Investigation of Certain Aspects of the Two-Stroke 
Engine for Automobile Vehicles.* 

By F,. W. Lanonestrer (Past-President) and R. H. 
PEARSALL (Member). 

(Concluded from page 92.) 

PART III. 


DESCRIPTION OF EXPERIMENTAL WORK. 

THE authors’ experiments have been mainly conducted 
on an engine constructed to ascertain the value of certain 
ideas. The primary idea was to introduce at the head 
of each incoming charge a volume of pure air for the 
double duty of acting as a scavenging charge and of 
taking the place of petrol-laden mixture in the loss to 
exhaust. 

To carry this out the transfer passage was ——— 
to form a transfer chamber, and the piston was provided 
with a passage arranged so that at the top of the stroke, 
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when induction to the crank-case is taking place, the 
top of the transfer chamber is connected to atmosphere. 
In this way, while carburetted charge enters the crank- 
case in the usual manner, pure air enters the transfer 
chamber displacing its carburetted contents into the 
crank-case. When the piston approaches the bottom 
of the stroke and transfer occurs, pure air first passes 
into the cylinder followed by the carburetted mixture. 

The enlarged transfer chamber was intended to prevent 
pure air reaching the crank-case and so acting as a mere 
diluent of the charge. In order to further prevent 
admixture, the transfer chamber was divided into a 
number of narrow passages or cells similar to a honey- 
comb radiator, so that eddies had the least effect in 
mixing the pure and the carburetted air. 

It was apparent, and practice showed it to be the 
case, that if the air-head were not controlled the mixture 
in the cylinder would be too weak at small throttle open- 
ings or too cold to ignite, and co uently the regula- 
tion of the engine would be bad. ence, the passage 
in the piston was carried round to the neighbourhood 
of the carburettor connection, and a special carburettor 
was used adapted to control the air-head pari passu 
with the carburetted charge. This gave good regulation. 

Fig. 8 a, b, c, give diagrammatic views of the engine. 
Fig. 8a shows the piston down and the exhaust taking 
place in the usual manner through port E followed by 
transfer of new charge from ne oaks , A 

Fig. 8b shows the piston at the top of its stroke. The 
exhaust port E and the transfer port T are opposite each 
other, while the induction ports (A, I) are at the side, 
so as to have a common inlet to the two cylinders of the 
engine. As the ports exist above the plane of the paper 





* Paper read before the Institution of Automobile 
Engineers, January 12, 1922. 





they are shown as shaded areas. It is clear that as the 
port I admits carburetted aiz to the crankcase, port A 
admits pure air through the passage in the piston to the 
top of the transfer c ber T, so filling this chamber 
and displacing the contents which pass into the crankcase. 
Thus, on the return of the piston (Fig. 8a) the first to 
pass on to the cylinder is pure air. Fig. 8c shows the 
cylinders in plan. The ports A and I and their passage 
between the cylinders are arranged one above the other. 
The particulars of the engine are :— 


Bore, 75 mm. 
Stroke, 89 mm. 
Inches. Per cent. degrees 


stroke. total. 
Two cylinders at 180 degrees. 
Exhaust port height ... 1-07 30 149 
Transfer ,, a 0-66 20 116 
Induction ,, ot ta 0-50 14} 80 


Piston deflector 1-07 in. high, 0-55 in. from centre. 
All ports 90 degrees wide. 


The yp figures are taken as on the net volume down 
to the top of the transfer port or 80 per cent. stroke. 

There are three reasons for accepting this approxima- 
tion :— 

(1) The exhaust port closes after the transfer by about 
the same amount as the inlet closes after dead centre in 
a four-stroke engine. 

(2) Any analysis of the amount of gas passing out of 
exhaust in this time shows it to be very small. 

(3) The diagrams in Watson and Fenning* bear out 
this usage. 

Fig. 9 shows np curves of this engine. Curve (1) is 
normal, with ratio of compression 5 net. To reduce 
induction, noise experiments were made with a muffle 
or over the carburettor. The effect is shown in 
curves (2) and (3), which are with 5 and 4 compression- 
ratios respectively. Curve (4) is without pad but with 
the transfer port only 0-5 in. high or 100 degrees of the 
total. 

Volume of transfer chamber.—The volume of the 
transfer chamber was variable. The original plan was 
to make it half the piston displacement. Experiment 
showed that if it was reduced much below this the value 
of the air-head was reduced, while any increase appeared 
to be stultified by inadequate passages in the pistons. 
That is to say, that the passages actually present in the 
pistons offered too much resistance to flow for the larger 
transfer chamber to be made use of. The effect of the 
cellulation was small, but apparently beneficial. 

Crankcase compression.—Varying the transfer chamber 
varied the crankcase compression. The authors’ observa- 
tions on the effect of this, coupled with observations of 
other engines of which the crankcase compression was 
not the same in each case, lead them to the opinion that 
this compression may be widely varied with little result, 
a compression calculated to give isothermally 3 to 4 lb. 
per square inch appearing adequate. Apparently, a high 
compression may be associated with larger loss to exhaust 
and a low compression with lower speed capacity, but 
within sonbeuaiilio limits the effect is negligible. 

It will be noticed that the piston is of stepped form, 
that is to say, that the top of the deflector is carried right 
across to the exhaust side. This form is convenient for 
the arrangement of the air port, allowing of a straight 
passage in the piston instead of a spiral one, but the 
chief object of its introduction was to obviate ring- 
gumming in an air cooled engine. 

It appeared to the authors that this gumming, which 
occurs normally at the exhaust side, was due to the hot 
gases eddying in the port and so playing on the ring 
which was at the time exposed in the port. It was, 
therefore, decided to lift the exhaust port and piston 
top so that when the port was uncovered the ring had 
already passed below the port and was protected. The 
seal of the port is unaffected since there is now transverse 
gas pressure on the piston holding it up to the cylinder 
wall and sealing the port by the piston itself. 

This device has been entirely successful, and such 
gumming as occurs is usually on the transfer side. With 
reasonable ring freedom it may be said that this trouble 
is cured. 

Before dealing with the thermodynamic results, the 
authors will deal with some subsidiary points. Following 
the modification of the piston by which the ring was 
much below the top, the cylinder head was formed of 
aluminium and extended down to the top of the ring 
travel, thus having a depth of about 2 in. It was con- 
sidered that this would form an adequately stiff heam 
construction, and only two holding studs were used. 
This proved an error, as it was very difficult to maintain 
a good joint, and results on the road were at times dis- 
— from this cause. ’ 

t became clear that four-stroke cycle practice in the 
gudgeon pin was not a safe guide. The forces on the 
gudgeon pin in two-stroke engines do not in general 
change sign, and consequently there is no pumping action 
to renew the oil film, which is squeezed out and seizure 
follows. Arrangements must be made whereby the 
slight rotational motion of the pin draws oil on to the 
surfaces. 

The compression ratio used at first, and in the results 
shown, was 5 net, that is reckoned on the total volume 
above the top of the transfer port. While this showed 
no ill effects on the bench, it was found to pink readily 
on the road. The compression was then reduced to 4, 
with ae improvement in the roadworthiness and little 
loss of power. (Fig. 9.) i 

It is a noteworthy feature of two-stroke engines that 
such should be the case, since a four-stroke engine 
with overhead valves (and thus a similar combustion 
head form) is quite satisfactory with a 5 ratio, and if 





* See Proc. I.A.E., vol. v, p. 92. 
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aluminium pistons be used ratios as high as 6} cause no 
pi . 
The main reason for this is that with a four-stroke 
engine, while the temperature rise due to compression 
increases with compression, the temperature at the start 
of compression falls with rise of compression-ratio, due 
to the less volume of residual charge mixed with the new 
charge. As a consequence there is a compression-ratio 
giving a minimum temperature after compression. With 
the two-stroke engine, however, the volume of residuals 
mixed with the new charge varies but little, and we have 
a steadily increasing temperature with increased com- 
pression, and one which is always higher than for the 
four-stroke cycle. 

Fig. 10 is a plotting for the compression temperature 
for a four-stroke engine under these conditions taken from 
an article by Mr. J. L. Napier,* in which abscisse repre- 
sent R and ordinate T. 

Thermodynamic results.—The authors have now set 
up two ideal standards of performance by which the 
may measure their results and also a diagram on which 
the comparison may be clearly presented. 

Fig. 11 shows by the R = 5 line the standard of per- 
formances with perfect stratification and by the “ logari- 
thmic”’ line by logarithmic transfer for the same R value. 
The line marked A shows the performance of the author’s 
engine at 1,500 r.p.m., the optimal speed. This line is 
clearly in two parts. The first part lies parallel to the R 
= 5 ray and 29 lb. below it, indicating an ideal perform- 
ance less a total loss of 29 lb. per square inch, which may 
be regarded as good. Beyond this the curve has a bend 
and continues at a much lower slope. Since this part 
is substantially straight and also lies much below the 

Fig.10. COMPRESSION TEMPERATURE OF 
FOUR-STROKE WITHOUT CONDUCTION. 
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values of Fig. 7, at which curvature starts, we may assume 
that its low slope is due entirely to petrol waste through 
the unburnt charge passing to exhaust. 

Thus the action of the engine appears to be that the 
air-head permits of full economy while it is effective, but 
as the throttle opens the air-head becomes inadequate, 
and a stage is reached where three-quarters of the addi- 
tional fuel is wasted down the exhaust pipe. 

On the same diagram is shown (8) a test of an engine 
of well-known make. The ratio of composition was not 
determined in this test. The form of the curve is not- 
ably different. Another engine tested is given in the 
curve (N). 

Curves (D) are from figures of the Day engine given 
by Watson and Fenning.t D 600 is from tests 1, 3, 4 
and 5 on page 91 of their paper, the speed being 600 r.p.m. 
approximately, and D 1200 is from tests 21, 22 and 23 at 
1,200 r.p.m. 

Curve (F) is the B 2000 curve of Fig. 7, and (L) is a test 
of an overhead-valve four-stroke air-cooled engine by 
the authors, taken at 2,000 r.p.m., which is the optimal 
speed of that engine. The compression-ratios of these 
engines were 4-8 and 5 respectively. 

PART IV. 
GENERAL CONCLUSIONS. 

The results indicate the great importance of detail 
design in the flow forms and ports of the two-stroke 
engine, and the authors do not feel that they have as yet 
done justice to this part of the subject, the only variation 
they have made in the ports being in the height of the 
transfer port, indicating the danger of having this too 
low, Consideration of Fig. 11 shows the variation in 
performance that results in different designs. Apart 
from the air-head the authors’ engine is apparentlyt 
inferior to the Day engine, taking each at their best 
speeds. The Day engine curves show clearly the effect 
of time in allowing the charge to pass to exhaust and 
also the effect of speed in increasing the losses when 
the optimal  s is past. Curve D 1500 represents 
readings in which the loss to exhaust was found (Watson 
and Fenning) to be nil. Flat and domed head forms were 
tried with no appreciable difference, but the effect of 
varying the deflector form is éonsiderable. This, taken 

* See The Automobile Engineer, December, 1911. 
t See Proc. I.A.E., Vol. V. 
t See Appendix E. 




















with the fact that the logarithmic curve a to have 
little bearing on the performance, has led the authors 
to consider that vortices are formed in the cylinder b 
which important parts of the residual charge are left 
behind as vortex cores while the new charge passes on to 
exhaust in a puff or stream round the outer part of the 
vortex. 

Fig. 12 indicates diagrammatically the authors’ view, 
Fig. 12a illustrating what they imagine happens when the 
deflector is near the cylinder wall! (dimension L large), 
and Fig. 128 when the deflector is far from the cylinder 
wall. The best value in this case was found to be L = 
0-55 in., and variation from this was bad for both power 
and economy, which is interpreted to mean that more 
residual was left in the cylinder at the expense of new 
charge passing to exhaust, and the diagram indicates 
the suggested manner of the action. 

The obvious and direct way to overcome this is to 
design the engine after the manner of a dust extractor, 
that is to say, to enter the new a tangentially at 
the bottom and remove the residue through the centre 
of the head. In this way the vortex might be made use 
of to separate the charges, and it will be fairly certain 
that the bulk of the residue will pass out before any of 
the new charge. This, however, introduces a mechanic- 
ally-operated valve and so destroys the distinctive sim- 
—- of the engine. It is not certain that this is pro- 

ibitive, for, at any rate in the case of small engines, 
we could still obtain our power and uniformity of turning 
moment with two cylinders instead of four, and with 
less valve gear, and in this case the economy should 
compare favourably with that of a four-stroke engine. 

It remains to study the possible value of the air-head, 


19.12. DIAGRAM OF VORTEX THEORY. 
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since this appears to overcome difficulties, at least so 
far as it is effective. The authors regret that opportunity 
has not served to allow them to extend their experiments 
to investigate a greater volume of air-head than origin- 
ally planned ; nevertheless the possible effect may be 
considered. 

In Fig. 13 they have repeated some curves of Fig. 11. 
A shows the authors’ engine. Let us assume that in- 
creased air-head gives us the dotted line (Ai). We must 
bear in mind certain limits. We know from four-stroke 
cycle experience (for air cooled engines) that the burning 
of a full charge brings us to near the limit of engine 
cooling, and since in the two-stroke cycle we fire twice 
as often, we have a limit indicated roughly by sayin; 
that more than 50 per cent. or 60 per cent. of a ful 
charge must not be burnt or we shall over-heat. 

Since we have agreed that the low slope of the upper 
part of (A) is due to waste of petrol, we see that about 
54 lb. np should constitute our fullload. For comparison 
curve (F) is drawn from Pomeroy’s “ B”’ engine (four- 
stroke) of the overhead-valve type, for which he quotes 
94 Ib. » as full load. 

Basing the 7p value in the case of the two-stroke 
engine on 0-8 of the swept volume, the powers of the two 
engines, at the same speed, will be 86-4: 94. The brake 
efficiencies relative to the ideal engine are i.e. the 
ordinate ratios of Fig. 13, are shown in Fig. 14. We 
see that our efforts still result in a less efficient engine 
than the four-stroke. 

If, however, by water cooling or otherwise we reduce 
the over-heating problem so that we can use 70 Ib. np 
in the way suggested by the line A2, then our efficiency 
is of a eer better order. Although the authors 
have so far failed to obtain any such results they are by 
no means convinced that it cannot be done. Curve 
(A2) is probably out of reach in the simple form of engine 
by reason of the vortex action which can only be over- 
come by the use of air-heads of stich large volume as 
cannot be provided in practice. ; 

At the same time, the four-stroke engine has a 


markedly greater speed-capacity than the two-stroke 
engine and consequently greater maximum power. 

‘The authors have to acknowledge the courtesy of the 
Birmingham Small Arms Company, Limited, in whose 
laboratory and at whose cost the experimental work 
has been carried out. They have also to record their 
thanks to Mr. D. 8. Heather for his valued assistance 
at the test bench and on the road. 


APPENDIX A. 
The effect of the residual temperature. 
Sincé Ps; = P2 T;/Te 
mean effective pressure 
= k(P3 — Pe) = k P2(T3 — T2)/Te2 


where & is a constant depending on the ratio of com- 
pression R and assumes that the exponents of compres- 
sion and expansion are the same. 

But Ts; — T2 = h/8, where h is the heating value per lb. 
of the total charge present, and Sv is the specific heat 
at constant volume of such charge at the temperature 
reached by combustion. 

Let us assume that the specific heat is the same for 
the new charge and for the residuals. The authors will 
examine the error in this in Appendix C. Then 
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So that mean effective pressure is independent of residual 
temperature. 


— 1). 


APPENDIX B. 
The effect of Throttling. 


Throttling will lower the compression pressure. 

Let us picture the condition as one of induction from a 
sub-atmospheric pressure and neglect the small error 
due to the area under the compression curve. 

Then & applies as in Appendix A as for the expansion- 
ratio, but nf becomes the compression-ratio from the 
point at which the actual compression-pressure is equal 
to atmospheric, and we can write 
kP. H = 
T.8, 


o 


mean effective pressure = 1) where r is this 


virtual compression-ratio. 





APPENDIX C. 


For the error in assuming speci fic heat for the 
new and peaks mr charges. 


In the first place, if the residual charge has the higher 
specific heat, then on interch of heat the new — 
will be relatively more hea’ and expanded than ti 
residual is cooled and contracted. Hence the combined 
volume will increase, but, in the case of a four-stroke 
cycle or stratified two-stroke cycle, this occurs while 
new charge is entering, and therefore acts to prevent 
the entry of some new charge. This is in effect simp! 
lowering the heating value of the next explosion, whic 
reduces the mean effective pressure without affecting the 
efficiency. 

If a is the fraction of chamber-volume which would 
be taken by new charge with equal specific heats, 





Sr the specific heat at constant pressure of the resi- 
duals, 
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8S. the specific heat at constant pressure of the new 
char, 


ge, 
Sm the specific heat at constant pressure of the 
mixture, ; 
we see from Fig. 5 that it is a fair approximation to put 
these all varying directly with temperature. 
T,, <= * Se + (l-a) S oT 


1) 
To 
+ (l— = on 
(« *) 7) 


(ec. 


And if there were no variation of specific heat, 
Tl, = To 


6 - 


= 
and the ratio 
Tm _ @ 80+ (1 — a) Sr 
Thh Sn 
causing expansion of the contents and exclusion of new 
charge. 
The excluded part is (p, — 1) of the chamber-volume, 


Py — 
or 


= Py say (c. 3) 


of the new charge, therefore the fractional 

loss of heat is 

Pr l “ 
a 


a8, (l1—a)8.-S 


a8 
m 


m 


(c. 4) 





Now since for a given ratio of compression the differ- 
ence between Ts and T; varies as the heat added, so 
5, — 8,, varies as the heat added, i.e., as a 

; * 8, - 8,, =a. 
Substituting in our expression we get— 
a8,— a8, +a 


Fractional loss of heat = (c. 5) 





aS, 
8; +A- 8, 


8 


m 


(c. 6) 


Now 8, — §,, is of the order of 0-04 (from Fig. 5). 
Therefore, if a = 0-8 (compression-ratio 5) 

0°04 
rs 


j= = 0°05, 
0 


So clearly the expression C6 is very small. 
Ifa = 0-5 (compression-ratio 2), 
\ =m FOS 
05 
and (C6) is still small, 
Thus the effect of variation in specific heat is negligible. 


= 0°08, 


APPENDIX D. 
Mean and actual specific heat. 
Suppose the actual specific heat to vary with T as the 
curve, Fig. 15. . 
Then in heating the gas by a small amount we shall 
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put in an amount of heat represented by the shaded 
strip (8 6 T). 

Thus the total heat put in from A to B is the area under 
the curve from A to B. and the apparent mean specific 
heat is that heat divided by the range of temperature. 

That is to say, writing a for the actual specific heat, 

w for the mean specific heat, 
and since a = f (T) 


adT 


f(TjaT 


“=~ Ts —Ta 
The form of this function being known only by the 
experimental curve. 
Now we can move our axes till the origin coincides 
with A, and then—- 


[yar 
gn nee 


T/(T) - | reryar 
cf = : 

dt 
or in words, 

The actual curve lies above the mean curve at any point 
by the product of the abscissa from our new origin into 
the slope of the mean curve. 


= — 
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APPENDIX E. 
Mean effective pressure—Efficiency diagram. 
Let us draw a diagram of which the abscissae are 
functions of heat-charge in the cylinder and upon this 
draw rays from the origin pepe | efficiencies, as 
in Fig. 16. Then we know that the ordinates are mean 
effective pressure, the scale depending on the heating 
value of a 100 per cent. charge, From what we have 
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said, that maximum mean effective pressure is 540 E, 
the E = 0-2 ray cuts the 100 per cent. charge line at 
108 mean effective pressure. 

And we may put a scale of E on this 100 per cent. 
charge line for the purpose of drawing efficiency rays. 
Again, we convert our consumption readings to efficiency 


by the relation E = “ 


, where C; is the consump- 
tion in pints per horse power per hour. So we are now ina 
position to plot our readings on the intersections of np 
and 7» lines. 

Now if our fuel values are inaccurate, say the error 
is that the pint is more valuable than supposed, then 
we shall be using too high an efficiency-ray and our curve 
will come too near the ideal. But if at the same time 
the heating value per cubic foot of charged is increase, 
our ideal mean effective pressure line, or our mean 
effective pressure scale, is too low, and we are again 
making too good a showing. 

Thus we see that errors in knowledge of the fuel may 
result in a double error on the diagram in our estimate 
of absolute performance, but they will not affect compari- 
sons so long as the fuel is not changed, nor will the 
characteristics be aftected in any case. 

So in Figs. 7, 11, 13 and 14 comparisons between 
different authorities must be taken with a little reserve 
to cover probable differences of fuel. 


APPENDIX F. 
Specific Heat at Constant Volume = 8,. 
” ” Pressure = Sp. 
Heating at 8, does no work. 
+»  %» does work Pdv. 
Heat put in at 8, = (T2 — Ti) S-. 
8,= (T2 — Ti) 8). 


Change of volume = 12, v — v = V_(T> — 1). 
7 7 
; am " . oa PV - am on 
.*s(T2 — T1) Sp = (T2 — T1) Se + 7 (T2 — T)). 
1 
PV 
Sp = 8. + —— 
F rT T 


= 8 +C 
where PV = CT. 
Re Part II, see reference on page 92, ante. 





Tue Receipts OF THE SwepIsH Raitways.—We read 
in Swedish Export that the Swedish State Railways 
report for September a surplus of 1-6 million kronor. 
Hereby the loss for the first three-quarters of the present 
year has been brought down to 6-7 million kronor. 
. For the corresponding period last year the State Railways 
yielded a surplus of 24-4 million kronor. The quantity 
of goods carried from January to September this year 
amounts to only 5-10 million tons, as compared with 
9-04 million tons during the same time last year. The 
private railways reported. for A t a surplus of 0-26 
million kronor, as compared with 2-48 million kronor 
in the same month last year. This brings down the loss for 
the first eight months*to 7-66 million kronor. In January 
to August, 1920, the private railways yielded a surplus 
of no less than 19-54 million kronor. 

















CATALOGUES. 


Belting.—We have received some leaf catalogues from 
Messrs. Thomas Icke and Son, West Bromwich, who 
can claim to have made leather belting for over 100 
years. 


Conduits for Electric Wiring.—Simplex Conduits, 
Limited, Garrison-lane, Birmingham, send a clearly- 
arranged and priced list of their conduits for electric 
wiring. 

Metal Window Frames.—Metal frame windows for 
cottages and factories are dealt with in two catalogues 
received from Messrs. Williams and Williams, Limited, 
Sardinia House, Kingsway, London, W.C. 2. 


Electrical Jointing Materials.—A catalogue of rubber 
and fabric jointing tapes and paints in qualities specially 
suitable for electric cable work comes from British 
ee and Helsby Cables, Limited, Prescot, Lanca- 
shire, 


Air Filter.—An air filter in which the filtering material 
is a greasy surface for catching the dust as the air passes 
through, is described in a catalogue issued by the Visco 
Engineering Company, Limited, 21, Bedford-row, 
London, W.C. 1. 


Tool Stores.—Messrs. F. B and L. M. Gilbreth, con- 
sulting engineers, Montclair, N.J., U.S.A., send a partial 
reprint of their paper on ‘‘ Reducing Fatigue in Tool 
Rooms,” with illustrations to indicate how tools should be 
shelved in order to reduce fatigue in taking out and re- 
placing them. 


Insulation.—A number of shaped pieces of asbestos 
insulating material for electrical fittings and construc- 
tion are illustrated in a catalogue received from Messrs. 
Bell’s United Asbestos Company, Limited, Southwark- 
street, London,§8.E.1. Several other insulating materials 
for various purposes are also described. 


Marine Motors.—Two small marine engines working 
on petrol or paraffin, and fitted with the Kelvin sleeve 
valve, are described in a catalogue issued by the Bergius 
Launch and Engine Company, Limited, Dobbies Loan, 
Glasgow. The sizes listed range from 12 h.p. to 18 h.p. 
with two cylinders and from 24 h.p. to 36 h.p. with 
four cylinders, 


Centrifugal Pumps.—A catalogue of centrifugal pumps 
received from the Wheeler Condenser and Engineering 
Company, Carteret, New Jersey, U.S.A., contains much 
useful information about the erecting and working 
of the pumps, as well as data for making calculations of 
power and efficiency. The extensive range of pumps 
manufactured by the company is also described. 


Cranes.—The catalogue of cranes issued by Messrs. 
John M. Henderson and Co., Aberdeen, is remarkable 
for the wide range of lifting and traversing appliances 
it contains and the ingenious application to railway, 
factory, warehouse, waterside, quarry and other require- 
ments. The text is given in three foreign languages, 
so that the catalogue should be useful in foreign markets. 


Densimeters.—The densimeter is an instrument for 
indicating the density of the water in steam boilers. 
In size and method of manipulation it is very much like 
the ordinary gauge glass with which it is mounted parallel. 
The density is indicated by the difference in height of 
water in the glasses of the two instruments. The 
Chemical Engineering Company, Limited, 49, Deansgate, 
Manchester, issue a 4-page catalogue fully explaining 
the construction and action of the instrument. 


Band Saw for Logs.—A new edition of a catalogue 
relating to their horizontal band saw for cutting logs 
into boards has been received from Messrs. A. Ransome 
and Co., Limited, Newark-on-Trent. In this machine 
the log is carried on a traversing table, and the saw runs 
on two pulleys in a frame which slides vertically on 
pillars, so that the cutting run of the saw is horizontal. 
The catalogue describes a full set of tools and appliances 
for sharpening and repairing the saw, and contains 
instructions for keeping the machine in efficient con- 
dition. 

Coaling Plant.—Mechanical appliances for coaling 
locomotives and emptying the ash pits in railway yards, 
is not nearly so generally employed as is similar plant in 
power stations. The Mitchell Conveyor and Transporter 


; Company, Limited, Atlantic House, Holborn Viaduct, 


London, E.C. 1, send us a catalogue explaining and 
illustrating their machinery and structures for this 
special purpose, and when it is borne in mind that from 
12,000,000 tons to 14,000,000 tons of coal are used 
annually on steam locomotives, it will be evident that 
there is some scope for these appliances. 








Heavy Raus iv tHE Unirep Srares.—That the 
weight of a steel rail is an important factor in the life 
of the rail, but in an entirely different ratio from what 
might be expected, has been established by the experience 
of one large Eastern railway, says The Iron Age, New 
York. In the last few years the New York Central has 

ually replaced its 80-lb. rails by 105-lb. rails. The 
atter Jast in the regular road bed 2-7 times longer than 
the lighter rail. It has been found that the 130-lb. rail 
lasts only 40 per cent. longer than a 100-lb. rail, whilst 
a rail of the 80-lb. class lasts about twice as long as the 
60-lb. rail. In 1910, the country’s rail production was 
12-18 per cent. of the total finished steel output; in 
1913 it was 14-12 per cent. In 1919 and 1920, rail 
production was 8-77 per cent. and 8-05 per cent, respec- 
tively of the finished steel total. From these res, the 
New York Central concludes that the extensive adoption 
by the large railway systems of the 100-lb. and 105-1b. 
rail, with its much longer life, is already having its eftect 
upon the volume of new rail requirements. 





